Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


I 


HANDBOOK 

OF 

BUILDING  CONSTRUCTION 


VOLUME  II 


tiiiiiiiiiiiiiiiiiiiiHiiiniiiiiiiiiiiiiiiiiiii inimnpimi 


'ObO-jJill  Book  Gx  Tm 


PUDIISHCRS     OF     ftOOKS     FOIV^ 

Coal  Age  ^  Electric  Railway  Journal 
Electrical  >librld  ▼  Engineering  News-Record 
American  Machinist  ^  Ii^genieria  Intemacional 
Engineering S Mining  Journal  ^  Power 
Chemical  G  Metallurgical  Engineering 
Electrical  Merchandising 


!iuiiimirtimiiiii!ihiHii!lliiilitlllii»ililiiiiiililiim 


■^ 


HANDBOOK 


OF 


BUILDING  CONSTRUCTION 

DATA  FOR 

ARCHITECTS,  DESIGNING  AND  CONSTRUCTING 

ENGINEERS,  AND  CONTRACTORS 


VOLUME  II 


COMPILED  BY  A  STAFF 
OF  FORTY-SIX  SPECIALISTS 


Editors-in-Chibf 

GEORGE  A.  HOOL,  S.B. 

CONaULTXNQ  BWaiNSER,  MADISON,  WISCONSIN 
PROFESSOR  OP  STRUCTURAL  BNOINSERIKO,  THE  UNXVERSITT 

OP  WISCONSIN 


AND 

NATHAN  C.  JOHNSON.  M.M.E. 

CONSULTING   ENGINEER,  NEW   TORS  CITT 


.•    •      •   ■ 


*  •     t 


^  <• 


First  Impressiox 


McGRAW-HILL  BOOK  COMPANY,  Inc. 

NEW  YORK:    239  WEST  39TH  STREET 
LONDON:    e  &  8  BOUVERIE  ST.,  E.  C.  4 

1920 


coptrioht,  1920,  bt  thb 
McGraw-Hill  Book  Company,  Inc. 


•       •*  •       •  •    •       •       •• 


THK    MAPZ<B    PMXBB    TO»X    PA 


I 


♦ 

t 


«        • 


• 


SECTION  5 
CONSTRUCTION  METHODS 


SYSTEM  AND  CONTROL  IN  BUILDING 
By  a.  G.  Moulton 

It  can  be  said  that  modem  construction  methods  owe  their  supremacy  to  the  mistakes  of 
the  past  and  an  equally  plausible  assumption  follows  that  the  mistakes  of  the  present  will  be  of 
similar  if  not  greater  assistance  to  the  builder  of  the  future.  A  recognition  of  this  fact  by  many 
of  our  representative  builders  has  inclined  them,  in  an  earnest  effort  to  profit  by  their  own  errors, 
to  undertake  a  more  serious  and  systematic  study  of  the  problems  coming  before  them  than  they 
were  wont  to  in  the  past.  Feature  by  feature,  each  possibility  has  been  taken  up  and  separately 
analysed;  every  branch  of  industry  has  been  called  upon  for  that  which  would  seem  to  assist 
or  be  of  benefit  and  every  science  has  been  enlisted  for  that  which  would  be  helpful,  until  today 
there  stands  a  profession  in  all  that  the  name  implies  to  supplant  what  was  only  a  trade  of 
yesterday. 

The  first  result  of  such  serious  study  has  been  a  general  systematizing  of  the  essential  forces 
and  efforts,  both  as  applied  throuh  the  office  in  preliminary  preparation  as  well  as  in  actual  field 
operations.  System  implies  control,  and  this  is  now  obtained  through  the  assistance  of  two 
highly  important  documents:  (1)  the  ''time schedule;"  and  (2)  the  "working  estimate." 

1.  The  Time  Schedide. — Every  building  operation  before  reaching  the  construction  stage 
should  be  placed  on  a  definite  time  schedule,  with  predetermined  dates  for  the  arrival  and  de- 
parture of  each  individual  trade  that  will  enter  into  its  construction.  In  form  it  may  not  be 
unlike  the  railroad  folder  of  common  usage.  A  more  forcible  resemblance  may  perhaps  be 
found  in  the  discovery  that  it  is  equally  as  destructive  to  the  progress  of  the  building  to  assign 
two  conflicting  trades  to  the  same  period  as  would  obtain  were  two  trains  to  attempt  the  same 
stretch  of  track  concurrently. 

la.  Elements  of  the  Time  Schedule. — A  properly  prepared  building  schedule 
will  assign  to  each  trade  on  the  operation  four  definite  dates : 

1.  The  date  on  which  suboontraets  on  purchase  orders  should  be  placed  in  order  that  the  materials  involved 
may  be  properly  and  economically  prepared  and  deliveries  synchronised  to  keep  pace  with  the  then  leading  trade. 
On  a  well-analysed  operation,  such  a  thine  as  waiting  for  materials  is  quite  inexcusable;  not  only  will  the  continuity 
of  the  trades  be  disturbed,  with  consequent  hardship  to  those  other  departments  and  lines  not  to  blame,  but  more 
often  than  not,  a  permanent  delay  to  the  building's  completion  will  ensue.  This  directly  affects  the  owner's 
interest,  and  on  many  enterprises,  where  the  investment  assumes  vast  proportions  as  the  date  of  completion  ai>* 
proaches,  even  so  small  as  a  day's  delay  may  be  a  matter  of  serious  financial  loss.  Equally  so,  it  is  important  not 
to  crowd  a  job  with  materials  before  the  operation  is  ready.  To  do  so  means  the  additional  expense  of  rehandling 
and  temporary  protection,  to  say  nothing  of  the  handicap  which  will  be  placed  on  other  trades  in  causing  them  to 
work  over  and  around  stored  materials. 

2.  The  latest  date  on  which  all  information  inclusive  of  designs,  scale  details,  and  approval  of  shop  drawings 
must  be  in  the  hands  of  the  subcontractors  or  shop,  in  order  that  they  may  intelligently  prepare  or  fabricate  the 
materials  and  meet  promised  delivery.  With  the  importance  of  this  date  recognised  by  the  architect  or  designing 
engineer,  little  or  no  difficulty  should  be  experienced  in  adherence  thereto.  On  the  other  hand,  without  this  very 
dose  cooperation,  many  serious  set-backs  will  creep  into  the  building  operation  and  constant  watchfulness  may 
be  required  on  the  part  of  the  builder  to  protect  the  schedule  at  this  point. 

3.  The  date  on  which  actual  field  work  at  the  building  should  commence.  Here  again,  delays  are  dangerous. 
The  failure  of  one  trade  to  take  its  appointed  place  at  the  time  designated  will  either  throw  back  all  succeeding 
trades  a  corresponding  period  or  will  result  in  the  confusion  of  two  or  more  trades  trying  to  operate  in  the  same  space, 
until  the  delinquent  one  has  speeded  up  to  resume  his  normal  station.  While  the  exact  sequence  in  which  the  var- 
ious trades  should  be  brought  upon  the  work  is  in  a  few  instances  debatable,  their  position  as  a  rule  is  generally 
predetermined  by  the  relation  one  bears  to  tlie  other!     When  this  relationship  is  not  clearly  defined,  such  as  between 
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Bteain  or  plumbing -140^11}  aodJAdcr^rcb^of-aUel  iidml^  buildings,  or  between  plaster  ceilings  and  cement  or  marble 
floors,  resort  must  be  had  to  local  custom,  and  the  adaptabUity  of  the  tradesmen  involved  to  that  procedure  which 
would  seem  the  most  economical  in  time  and  money  to  the  building  as  a  whole.  Other  things  being  about  equal, 
that  method  resulting  in  the  least  total  time  expended  on  the  structure  should  always  receive  the  decision. 

4.  The  date  on  which  all  field  work  should  be  completed;  a  delay  here  may  or  may  not  be  so  vital,  dependent 
on  whether  succeeding  trades  are  held  up  thereby  in  the  completion  of  their  work. 

A  slow  or  faltering  trade  is  always  a  detriment  to  any  building  enterprise,  and  it  is  for  the  quick  detection  and 
prompt  cure  of  such  symptoms  that  the  time  schedule  serves  its  most  important  purpose. 

16.  Stages  of  Building  Operations. — The  facility  and  practicability  with  which 
a  time  schedule  may  be  prepared  is  dependent  quite  largely  on  the  experience  and  general  knowl- 
edge of  trade  sequences  possessed  by  the  compiler.  For  an  initial  try-out  it  is  well  to  conceive 
the  building  as  divided  into  the  three  periods  or  stages  of  construction  into  which  it  quite 
naturally  groups  itself.     They  are  as  follows: 

(1)  Foundations  and  walls  to  grade. 

(2)  Superstructure  without  finishing  trades. 

(3)  Finishing  trades. 

First  Staoe. — ^For  the  first  stage,  conditions  will  be  found  to  vary  so  with  each  different  structure  that  set 
rules  do  not  readily  apply.  Preparation  of  site,  with  possibly  a  wrecking  operation,  excavation,  foundations,  sheet 
piling,  shoring,  piling,  caissons,  steel  grillage,  and  walls  to  grade  may  all  be  involved.  In  ascribing  time  values  to 
this  class  of  operation,  only  an  intimate  knowledge  and  study  of  local  conditions  can  be  relied  upon.  £ach  indi- 
vidual operation  should  be  analysed  separately,  and  that  starting  date  established  which  will  result  in  the  greatest 
harmony  to  the  whole.  It  should  be  borne  in  mind  that  at  this  stage  the  working  space  is  in  its  most  restricted  area, 
and  the  surrounding  conditions  for  the  receipt  and  storage  of  materials  are  apt  to  be  at  the  worst.  In  order  to  com- 
pensate for  unforeseen  contingencies,  as  much  slack  as  the  total  time  allowed  for  the  building  will  permit  should  be 
allotted  to  this  stage  of  the  operation;  even  at  the  expense  of  a  sensible  tightening  up  on  the  schedule  for  the  balance 
of  the  work.  A  rough^md-ready  check  found  useful  by  the  writer  is  an  allowance  of  2  ft.  per  week,  the  figured 
distance  being  the  depth  to  which  the  footings  project  below  grade.  Such  a  check  is  not  accurate  on  very  deep 
foundations,  such  as  are  met  with  in  Chicago  practice  with  caissons  extending  90  or  100  ft.  below  grade,  but  more 
directly  applies  to  rock  work  and  foundations  of  medium  depth  as  found  in  the  East  and  elsewhere. 

Second  Stage. — The  second  stage,  that  of  the  superstructure,  Ib  controlled  in  time  values  by  the  three  basio 
trades  involved: 

1.  The  supporting  steel  skeleton,  or,  if  wall  bearing  construction,  the  exterior  walls  themselves. 

2.  The  arches  or  floor  construction. 

8.  Dividing  walls  or  interior  partitions. 

All  other  roughing  trades  are  collateral  with  or  dependent  upon  one  or  the  other  of  the  aforementioned 
prinoipal  lines. 

in  the  further  discussion  of  the  time  schedule  and  its  preparation,  reference  will  be  had  to  the  steel  frame  or 
strictly  fireproof  type  oi  building  ab  generally  found  embodied  in  the  modern  hotel  or  office  structure.  Being  more 
complex  in  the  number  and  variety  of  trades  involved,  it  will  serve  as  the  best  illustration.  Schedules  for  other 
tjrpes  of  construction  can  be  evolved  by  similar  methods,  simply  eliminating  those  trades  which  do  not  pertain. 
On  this  type  of  construction  4  to  5  dajrs  per  story  of  height  is  the  usual  time  allowance  for  erection  of  the  steel 
frame.  It  is  to  be  noted  that  on  the  above  basis  the  area  of  the  building  bears  no  direct  function  to  the  progress 
desired.  It  has  an  effect,  however,  on  the  type  of  equipment  to  be  chosen,  which  will  be  referred  to  later.  As  an 
illustration,  a  12-etory  hotel  or  office  building  would  be  allotted  from  48  to  00  days  in  which  to  carry  the  steel  work 
from  grade  to  completion,  which  includes  the  time  required  by  the  steel  erector  in  getting  his  forces  and  equipment 
away  from  the  building.  The  collateral  trades  dependent  on  the  steel  work  should  be  started  concurrently  with  it 
or  at  intervals  of  a  few  dasrs— due  caution  as  to  the  safety  of  the  workmen  involved,  and  the  proper  sequence  to 
prevent  the  covering  up  of  uncompleted  work  by  other  trades  being  observed. 

The  second  controlling  trade  embraces  the  floor  construction,  or  arches.  A  safe  rule  is  to  set  this  down  to  start 
from  25  to  40  days  after  the  start  of  the  steel ;  and  the  third  controlling  trade,  or  interior  partitions,  the  same  period 
after  the  start  of  the  floor  arches.  In  each  instance  the  dependent  trades  will  be  assigned  their  places  in  manner 
similar  to  that  described  for  those  following  the  steel. 

Third  Stage. — For  the  finishing  trades,  or  third  stage  of  the  building,  conservative  practice  permits  an  allotment 
of  from  90  to  120  days  after  completion  of  steel,  indicating  about  40  days  after  oompletion  of  interior  partitions, 

Ic.  Total  Time  Involved. — Reverting  again  to  a  12H3tory  structure,  and  assum- 
ing that  the  foundations  extend  20  ft.  below  grade  with  basement  included,  the  time  schedule 
will  now  have  reached  somewhat  the  following  values: 

Foundatirns:  10  weeks  or  70  days  ., 70  days 

Steel  frame:  4H  days  per  story,  or 54  days 

Arches  finish  after  steel 30  days 

Partitions  finish  after  arches 30  days 

Finishing  trades  100  days  after  steel 40  days 

Total  time 224  days  or  7>i  months. 
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Class       Office        Building 


TIME  SCHEDULE 

TaOMPSON-STARBBTT  CoMPANY 

Smith  No.     ^75    Date 


June  3d,  1916. 


Offioe  schedule 

Work 

Job  schedule 

Architecrs 

Contract 

AU 

drawings 
to  let 

must    be 
let  on  or 

details 
for 

Start 

Finish 

contract 

before 

Bub-con. 

1  Steel  drawings 

2  Architect's  drawings 

6-7-16 

5-1-16 

6-1-16 

6-10-16 

3  Wrecking 

6-1-16 

6-20 

6-1 

6-4 

fr-15 

4  Excavation. 

6-10 

7-30 

6-1 

6-10 

6-20 

• 

6  Drains  and  water 
6  Caissons — piles 

6-20 

7-10 

6-16 

6-16 

(^25 

7  Foundations — concrete 

7-10 

8-25 

6-15 

6-15 

ft-25 

8  Walls  to  grade 

7-20 

8-30 

6-16 

6-16 

6-26 

9  Waterproof — ^walls 

7-20 

8-30 

6-6 

6-6 

6-15 

10  Grillage — column  bases 

8-15 

8-30 

6-6 

ft-6 

ft-16 

11  Steel  erection — stack 

9-1 

10-26 

6-20 

7-10 

7-20 

12  Ornamental        iron — stairs — 
plain 

9-10 

11-26 

6-20 

7-10 

7-20 

13  Ornamental  iron — finish 

12-20 

3-16 

6-20 

7-10 

7-20 

14  Elevators — guides — temp,  car 

10-15 

11-22 

6-20 

7-10 

7-20 

16  Elevators — car — signal — test 

12-20 

3-16 

6-20 

7-10 

7-20 

16  Ek>ilers — temp,  heat 

10-10 

12-10 

8-1 

8-20 

8-30 

17  Pump — ^tanks 

11-1 

11-30 

7-1 

7-20 

7-30 

18  Arches 

9-12 

11-16 

6-20 

7-10 

7-20 

19  Plumbing — gas — ^rough — test 

9-10 

1-8 

9-1 

9-20 

9-30 

20  Plumbing — ^finish — fixtures 

12-20 

2-26 

6-20 

7-10 

7-20 

21  Heat — ventilation — rough 

22  Heat — regulation — finish 

9-10 

1-8 

g-1 

9-20 

10-30 

12-20 

2-26 

6-20 

7-10 

7-20 

23  Electric — rough — temp,  light 

9-10 

1-8 

9-1 

9-20 

10-30 

24  Electric— fixtures 

12-20 

2-26 

7-10 

7-30 

8-10 

26  Common  brick  masonry 

9-25 

12-20 

7-1 

7-20 

7-30 

26  Granite 

27  Bluestone 

9-20 

9-30 

7-1 

7-20 

7-30 

28  Limestone — ^marble  exterior 

9-25 

12-20 

7-1 

7-20 

7-30 

29  Terra  cotta 

12-5 

12-20 

7-1 

7-20 

7-30 

30  Face  brick— enameled 

10-1 

11-10 

7-1 

7-20 

7-30 

31  Special  brick — mould — fire — 
hollow 

10-1 

11-10 

7-1 

7-20 

7-30 

32  Wood  frames — sash — pulleys 

9-26 

12-20 

7-1 

7-20 

7-30 

33  Metal  frames — sash — pulleys 

9-26 

12-20 

7-20 

8-10 

8-20 

34  Weights — chains 

10-10 

12-20 

7-20 

8-10 

8-20 

36     Glass 

10-10 

12-20 

8-1 

8-20 

^30 

36  Roof  cover 

11-16 

12-20 

a-i 

8-20 

8-30 

37  Sheet  metal 

11-16 

12-20 

8-1 

8-20 

8-30 

38  Bucks 

10-20 

1-5 

8-1 

8-20 

8-30 

39  Strips  and  fill 

10-20 

1-6 

8-1 

8-20 

8-30 

40  Partitions  and  furring 

11-10 

1-20 

8-1 

8-20 

8-30 

41  Grounds  and  lath 

11-25 

2-6 

8-20 

9-10 

9-20 

42  Plaster — plain 

12-10 

2-25 

8-20 

9-10 

9-20 

43  Plaster— ornamental — caen — 

1-10 

2-26 

9-1 

9-20 

9-30 

44  Marble  walls— tUe 

12-20 

3-6 

.        »-l 

9-20 

9-30 

46  Marble  floors — tile — mosaic — 
terraaso 

12-30 

3-15 

8-10 

8-30 

9-10 

46  Hardware — finish 

12-20 

2-20 

8-10 

&-30 

9-10 

47  Trim — wood 

1-10 

3-25 

8-10 

8-30 

9-10 

48  Trim — kalemein 

1-10 

3-25 

8-10 

8-30 

9-10 

49  Paint — decorations 

2-1 

4-6 

8-10 

^30 

9-10 

'60  Finish  floor — wood — cement 

12-20 

3-6 

9-1 

9-20 

9-30 

61  Paving — sidewalk — curb— bmt. 

floor — w.p. 

62  Revolving  door 

2-20 

3-20 

9-1 

9-20 

9-30 

3-1 

4-10 

8-10 

8-30 

9-10 

63  Mail  chute 

64  Vault  work — ^bank 

11-6 

3-10 

C^-20 

7-10 

7-20 

66  Sweeping — ^pneumatic 
56  Sprinkler 

9-10 

2-26 

6-20 

7-10 

7-20 

9-10 

1-20 

e-20 

7-10 

7-20 

67  Ice  plant 

68  Laundry — kitchen 

59  Engines — generators — motors 

60 

61 

9-10 

1-20 

62 
63 
64  Finish  building— schedule  time 

6-1-16 

4-10-17 

66  Finish  building-contract  time 

6-1-17 
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Id.  Specimen  Time  Schedule. — A  specimen  time  schedule  as  completed  and  used 
in  actual  practice  is  shown  on  p.  805.  The  dates  shown  in  the  two  right-hand  columns  are  those 
worked  out  first  by  methods  just  described;  those  in  left-hand  columns,  the  purpose  of  which 
has  already  been  referred  to,  are  then  deduced  from  the  starting  dates.  The  accuracy  with 
which  they  may  be  established  depends  almost  wholly  on  the  exact  knowledge  possessed  by 
the  compiler  of  modem  shop  practice,  and,  to  a  lesser  degree,  on  his  acquaintance  with  the 
local  customs  prevailing  in  the  locality  at  which  the  different  branches  of  the  WQrk  are  being 
fabricated. 

le.  Time  Schedule  as  a  Plan  of  Operation. — The  time  schedule  after  completion 
should  be  freely  circulated  among  all  interested  departments.  To  the  designing  engineer  or 
architect,  it  indicates  the  precise  sequence  and  the  latest  date  at  which  all  information  in- 
cluding approvals  must  be  available;  to  the  contract  department  it  indicates  the  latest  dates 
on  which  subcontracts  may  be  safely  let;  and  it  also  supplies  the  starting  and  completion 
dates  to  be  incorporated  therein.  It  furnishes  the  purchasing  department  with  exact  infor- 
mation on  which  to  base  future  deliveries  of  stock  materials;  to  the  expediting  and  traffic 
departments  it  is  indispensable  in  following  up  the  preparation,  shipment,  and  delivery  of 
fabricated  materials  from  distant  shops  and  factories;  to  the  building  superintendent  it 
should  be  his  daily  guide  and  reference  for  the  coordinating  of  all  field  activities. 

2.  The  Working  Estimate.— Second  only  to  the  time  schedule  as  a  controlling  feature  is 
the  "working  estimate."  Some  authorities  will  be  found  who  give  it  preference  on  certain 
operations,  believing  that  where  time  is  not  specifically  mentioned  as  the  essence  of  thecontract, 
and  strict  economy  only  the  end  to  be  gained,  that  a  time  schedule  implying  speed  will  have 
excessive  costs  attached  thereto.  A  little  thought,  however,  will  dispel  such  a  theory  when  it 
is  recognized  that  a  properly  prepared  time  schedule  does  not  make  for  speed  at  the  expense  of 
economy,  but  rather  holds  its  strength  through  its  requirement  for  orderliness — ^in  itself  one 
of  the  fundamentals  of  economics.  Through  its  harmonizing  influence,  many  a  valuable  day 
will  be  retrieved  to  the  owner  to  become  a  revenue  producer,  and  at  a  lesser  cost  to  the  operation 
as  a  whole  than  if  the  work  was  carried  on  without  its  beneficial  guidance. 

2a.  Basis  of  Working  Estimate. — The  working  estimate  may  be  based  upon 
data  already  secured  through  preliminary  cost  estimates  of  the  work,  but  is  more  generally 
the  result  of  a  careful  re-check  on  all  quantities,  taken  direct  from  the  plans  after  the  award 
of  a  contract. 

For  those  lines  of  work  on  which  the  builder's  own  forces  wiU  be  employed,  the  quantities  of  material  or  labor 
involved  will  be  set  down  in  conventional  terms  against  which  the  selected  price  units  will  be  applied  and  the  whole 
extended  into  dollars  and  cents.  This  is  carried  out  trade  by  trade,  the  greatest  amount  of  detail  being  observed 
to  insure  to  the  fullest  extent  the  elimination  of  all  possible  errors,  and  holding  those  that  might  occur  to  the 
minimum  value. 

If  it  is  deemed  desirable  to  have  a  complete  schedule  equalling  the  total  allowance  for  the  building  operation, 
there  will  be  added  to  the  above  figures  the  various  sub-allowances  for  those  lines  of  work  which  are  to  be  purchased 
in  their  entirety,  commonly  called  subletting. 

26.  Standard  Manual  For  Cost  Data. — In  order  to  standardize  the  .work  and 
insure  a  more  accurate  and  systematic  collection  of  the  cost  data  by  field  material  and  time 
clerks,  it  has  become  comjnon  practice  for  the  builder  to  prepare  a  standard  or  manual,  covering 
all  possible  subdivisions  of  work  on  which  costs  will  be  required,  each  branch  and  subdivision 
of  same  being  indicated  by  a  code  letter  or  combination  of  letters  and  figures.  The  characters 
of  this  abbreviated  index  are  then  used  to  indicate  disposition  on  all  team  tickets  or  other 
material  receipts  as  well  as  subdivisions  of  time  on  daily  time  books,  payrolls,  etc. 

The  working  ratimate  can  be  of  value  only  to  the  extent  of  the  intelligence  with  which  it  is  utilized.  To 
check  same  against  actual  results  obtained  on  an  operation  after  the  work  in  question  has  been  installed  and  com- 
pleted can  be  productive  of  no  value  except  possibly  in  relation  to  future  work  of  similar  character.  To  secure  the 
full  possibilities,  some  comprehensive  system  of  cost  recording  is  essential;  data  as  to  progress  made*  materials 
used,  time  involved,  etc.,  should  be  collected  daily  by  the  field  clerical  forces  with  the  results  tabulated  in  weekly 
or  semi-weekly  reports.  Where  the  volume  of  work  in  any  particular  line  is  large  and  fairly  constant  in  its  char- 
acter, weekly  reports  will  probably  fulfill  every  reqiiirement.  but  where  the  volume  is  small  or  the  conditions  under 
which  it  is  proceeding  are  constantly  changing,  the  semi-weekly  or  even  daily  reports  should  be  prepared.  The 
comparison  of  these  reports  with  the  working  estimate  and  the  interpretation  of  th'e  disclosures  therefrom  by  the 
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building  Baperintendent,  or  whoerer  may  be  making  the  oompariaon,  can  be  beneficial  only  to  the  extent  of  hia 
thorough  understanding  of  the  factors  with  which  he  is  dealing.  He  should  never  fail  to  realise  that  the  working 
estimate  treats  of  averages  only  and  that  to  draw  a  true  comparison,  the  particular  parcel  of  work  under  scrutiny 
if  greatly  at  variance  from  the  average,  should  be  modified  oorresi>ondingly  by  proper  allowances  before  judgment 
is  rendered. 

A  type  of  estimate  more  logical  in  its  application,  and  at  the  same  time  slightly  less  difficult  in  preparation,  is 
one  in  which  the  allowances  are  expressed  in  hours  of  labor  rather  than  in  terms  of  value.  It  recognises  the  theory 
that  the  rate  of  wages  applying  to  any  particular  locality  is  generally  on  a  more  or  less  established  basis  and  beyond 
the  province  of  the  organisation  to  change  or  alter.  By  limiting  the  unit  of  measure  to  the  expected  output  per 
hcmr  or  day  of  laborer  or  mechanic,  the  fidd  organisation  forces  may  be  held  accountable  only  for  those  factors  over 
which  they  have  admitted  controL  Another  advantage  lies  in  the  far  greater  readiness  with  which  such  terms  are 
aooepted  and  made  use  of  by  foremen  and  other  employees.  An  allowance  of  80  brick  per  hour  on  a  certain  piece 
of  masonry  would  be  understood  by  all  and  is  easily  checked  against  by  the  simple  operation  of  dividing  the  number 
of  brick  laid  during  any  selected  period  by  the  number  of  mason  hours  employed;  whereas  the  same  allowance 
expressed  in  terms  of  $12  per  thousand,  is  to  the  average  individual  quite  a  complex  problem  to  check  against 
except  to  those  who  have  had  previous  estimating  or  cost-preparing  experience. 

8.  Daily  Reports  and  Diaries. — A  third  instrument  essential  to  every  building  operation, 
but  of  lesser  importance  as  a  controlling  feature,  is  the  daily  report  or  diary.  This  is  prepared 
in  the  field  and  written  up  for  each  and  every  day,  Sundays  and  holidays  included.  Each 
report  should  be  numbered  consecutively  from  start  to  finish  of  the  operation  so  that  the  latest 
number  will  always  indicate  the  duration  of  the  job  in  days  up  to  that  point.  Outside  of  certain 
essentials — such  as  weather  conditions  prevailing,  the  total  number  of  employees,  classified 
.  by  trades,  mention  of  any  unusual  mishap  or  accident,  and  bhevisitation  of  important  personages 
— ^the  scope  of  the  diary  may  be  varied  by  the  responsible  head  to  suit  the  particular  work  en- 
gaged upon.  The  best  results  will  be  obtained  if  these  reports  are  personally  prepared  by  the 
superintendent  in  charge,  the  assurance  being  thus  gained  that  he  is  actually  in  touch  at  all  times 
with  every  feature  and  detail  of  the  operation.  If,  due  to  the  scope  of  the  work,  this  is  found 
to  be  impracticable,  he  at  least  should  sign  the  reports  and  see  that  they  are  transmitted  to 
the  main  or  home  office  at  the  end  of  each  day. 


PREPARATION  OP  SITE 
By  a.  G.  Moulton 

It  can  be  assumed  that  certain  essential  information,  locating  the  proposed  structure  both 
horizontally  and  vertically  with  relation  to  known  references,  will  be  clearly  indicated  on  the 
plans  and  sections  previously  prepared  by  the  designing  engineer.  Horizontal  distances  given 
in  feet  and  inches  between  opposing  lot  or  building  lines,  the  angles  formed  at  their  intersection 
and  the  elevation  of  the  first  floor  with  reference  to  existing  grade  or  some  assumed  datum 
comprise  the  information  commonly  given.  In  addition  to  this,  the  structure  as  a  whole  will 
generally  be  tied  up  by  a  figured  dimension  or  dimensions  to  some  established  line  or  point. 
This  may  be  an  adjoining  building,  a  party  line,  a  street  intersection  or  simply  a  stake  or  hub, 
should  the  site  be  an  isolated  ona 

4.  Location  of  Reference  Points. — The  first  step  by  the  field  engineer  should  be  to  locate 
the  reference  points,  consulting  with  such  mxmicipal  departments  as  may  be  interested  to 
inform  himself  as  to  the  system  of  local  grades,  and  any  existing  ordinances  that  would  call 
for  formal  permits,  such  as  street  obstructions,  vault  excavations,  sidewalks,  etc.  Offset  stakes 
or  batter  boards  will  be  established  for  all  comers  or  changes  in  direction  of  the  building  lines, 
care  being  exercised  to  so  locate  them  that  they  will  not  be  readily  disturbed  during  the  excava- 
tion period.  One  or  more  bench  marks  will  be  set  up  at  convenient  points  against  which  all 
future  building  levels  will  be  checked.  The  careful  engineer  will  find  time  to  re-check  at  fre- 
quent intervals  all  batter  boards  and  benches  until  foundation  operations  have  reached  a  point 
where  there  is  no  further  danger  of  ground  movement  or  other  disturbance,  and  he  will  in 
particular  make  a  re-check  of  all  lines  and  corners  before  permitting  any  masonry  work  of 

foundations  to  proceed. 

I 
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If  the  foundations  are  to  project  to  some  depth  below  the  street  or  normal  ground  level,  or  in  moving  ground 
or  apt  to  be  of  a  hasardous  nature,  he  will  establish  a  series  of  benches  on  one  or  more  piers  of  each  of  the  adjacent 
buildings;  also  on  all  surrounding  street  curbs,  street  crowns,  car  tracks,  or  other  points  in  the  immediate  vicinity 
that  might  be  disturbed  during  the  foundation  construction.  This  disturbance  or  settlement  may  be  expected 
through  caving  banks,  yielding  of  street  piling,  borrowing  of  ground  water  or  running  sand.  Freedom  against  same 
can  best  be  assured  by  tight  sheeting,  properly  braced  and  carried  well  in  advance  at  all  times  of  the  excavation. 
Having  established  the  aforementioned  benches,  periodic  reading  on  same  will  be  taken  and  a  careful  record  of  the 
results  preserved.  Unless  startling  conditions  manifest  themselves  through  cracks  in  the  walls  or  pavements, 
weekly  readings  will  probably  be  sufficient  until  such  time  as  foundations  have  reached  grade  level,  after  which 
they  may  be  dbcontinued.  If  the  new  structure  is  to  be  annexed  to  an  existing  building,  with  communication 
thereto  at  one  or  more  levels,  the  engineer  will  take  check  readings  on  all  floors  of  the  old  buildings  to  detect  any 
departure  of  Same  from  the  assumed  levels.  If  the  information  is  not  otherwise  available,  it  will  be  well  at  this 
time  to  cross-section  the  site  as  then  found,  for  the  purpose  of  checking  excavation  quantities  later  on. 

5.  Photographs. — An  extremely  valuable  supplement  to  the  engineer's  records  can  be 
obtained  through  the  medium  of  photographs  taken  of  the  site  before  building  operations  are 
started.  Such  photographs  should  be  identified  by  name,  number  and  date  scratched  on  the 
negative,  or,  better  still,  by  a  transparent  label  pasted  thereon.  A  series  of  such  photos  taken 
at  weekly  or  10-day  intervals  throughout  the  entire  construction  period  form  an  extremely 
instructive  and  invaluable  record  of  the  operations.  If  possible,  photos  should  be  taken  from 
the  same  veiwpoints  so  as  to  better  illustrate  the  progress  during  succeeding  intervals. 

6.  Removal  of  Pipes,  Wires,  etc. — Service  pipes,  hydrants,  lamp  posts,  mail  boxes,  poles, 
and  wires  which  encroach  on  the  site  should  be  noted,  identified  for  ownership,  and  the  owners 
notified  to  remove  or  properly  protect  same. 

7.  Wrecking. — Before  wrecking  existing  buildings,  suitable  precaution  should  be  taken 
for  protecting  the  public  traffic  and  pedestrians.  The  size  and  location  of  the  operation  will 
determine  the  method  to  be  adopted.  A  tight  fence,  6  ft.  high,  at  the  curb  line,  turning  the 
sidewalk  traffic  on  to  temporary  walk  laid  in  the  gutter,  may  be  sufficient.  In  more  popu- 
lated districts,  and  where  the  operation  is  to  be  of  some  length,  it  may  be  required  to  erect  a 
shelter  shed  over  the  sidewalk,  permitting  the  public  to  retain  the  use  of  same.  Building  ordi- 
nances of  most  municipalities  cover  this  point  and  they  should  be  consulted  to  provide  against 
possible  violations.  If  sidewalk  vaults  are  to  be  incorporated  in  the  new  building,  the  walk 
way  can  be  elevated  above  the  normal  grade  a  sufficient  distance  to  facilitate  the  passing  of 
materials  beneath  and  into  the  lot  as  excavation  proceeds.  By  erecting  the  shelter  in  this  man- 
ner, it  can  in  many  instances  be  retained  to  serve  throughout  the  entire  construction  of  the  new 
building.  The  supporting  sills  will  be  carried  on  temporary  wooden  bents  until  retaining  or 
street  walls  are  up  and  permanent  sidewalk  beams  are  in  place. 

The  wrecking  of  frame  structures  presents  no  features  requiring  special  preparations.  Brick,  steel,  and  con- 
erete,  however,  cannot  be  successfully  handled  without  a  well  studied  program  and  more  or  less  of  an  equipment 
plant,  depending  on  the  type  of  structure,  ground  area,  and  height.  If  more  than  three  stories,  brick  and  rubbish 
chutes  will  be  found  to  be  indispensable.  Their  erection  should  be  such  as  to  make  easy  delivery  to  wagons  or  trucks 
at  the  lower  end.  Except  in  cases  of  shallow  buildings,  the  chutes  should  be  located  near  the  center  of  the  build- 
ing, thus  equalising  the  wheeling  or  handling  on  the  working  floor  above.  Temporary  planked  driveways  may  be 
provided  for  bringing  the  trucks  or  wagons  to  the  bottom  of  the  chutes. 

7a.  Disposal  of  Waste. — Driveways  should  be  laid  out  so  traffic  is  continuous  in 
one  direction.  To  accomplish  this,  enlarged  openings  may  have  to  be  provided  through  ex- 
ternal walls  of  the  ground  story  with  consequent  shoring,  but  the  eflFort  will  be  worth  while, 
for  speed  on  a  wrecking  operation  is  almost  wholly  dependent  on  ability  to  promptly  move  the 
resulting  material  and  rubbish  away  from  the  site.  Rubbish  chutes  are  commonly  built  of  2 
or  2^-in.  plank,  30  to  36  in.  square,  erected  vertically,  in  story  lengths,  with  the  splices  directly 
above  the  successive  floor  lines.  No  bin  is  required  and  control  at  outlet  is  secured  through  a 
floating  false  bottom,  full  area  of  the  chute,  attached  to  long  wooden  lever.  Brick  chutes  are 
composed  of  open  troughs  30  in.  wide  and  with  12-in.  sides  set  at  an  angle  of  45  deg.  but  reversed 
through  each  story  to  provide  a  zigzag  path  in  the  usual  method. 

76.  General  Equipment  for  Wrecking. — For  lowering  steel  members,  pipe,  and 
other  heavy  pieces  of  equipment  that  may  be  encountered,  a  pole  or  light  derrick  may  be  found 
necessary  on  the  working  floor.     Materials  are  lowered  through  a  court-way,  if  one  is  available. 
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or  if  not,  a  hatchway  can  be  cleared  through  the  various  floor  systems  of  sufficient  size  to  pass 
the  loads  required.  The  acetylene  torch  will  be  found  invaluable  for  dismembering  the  steel 
frame,  cutting  down  pipe  lines,  reinforcing  rods,  or  any  other  metal  obstructions  which  may  be 
met  with.  For  heavy  brick  walls  and  reinforced  concrete  structures,  the  skull-cracker,  or  heavy 
cast-iron  ball,  suspended  over  the  part  to  be  shattered  by  a  derrick  boom  and  released  for  a 
free  fall  by  means  of  a  trigger  attachment  or  magnet  has  proven  of  good  economy.  A  2-ton 
weight  and  a  drop  of  10  or  12  ft.  will  break  down  all  but  the  most  obstinate  resistance  with  a 
few  blows. 

Wrecking  operatioDB  are  qitite  generally  handled  by  specialists  in  that  line,  as  they  are  the  better  equipped  for 
disposing  of  the  old  materiab  than  would  be  the  ordinary  builder.  When  sublet,  it  is  customary  to  require  the 
wreoker  to  remove  exterior  walls  to  grade  lines  and  interior  walls  and  footings  to  basement  floor  line. 


PILE  DRIVING 
By  Nathan  C.  Johnson 

8.  Hand  Driving. — The  driving  of  piling  by  hand  is  practicable  only  for  very  small  round 
piles  or  sheet  piling,  and  in  soft  materials,  such  as  wet  sand  or  mud.  Where  a  trip  hammer 
is  available,  this  may  jn  emergency  bo  operated  by  splaying  out  the  hammer  line  so  that  a  large 
number  of  men  can  pull  on  it,  hoist  the  hammer  and  drop  it,  but  the  method  is  uneconomical. 

,  9.  Horse  Driving. — The  use  of  a  horse  or  a  team  to  pull  up  the  hammer  by  means  of  manila 
rope  falls,  or  a  horse-power  drum  is  the  simplest  effective  power  for  pile  driving.  The  hammer 
must  be  arranged  to  trip  and  fall  when  it  reaches  a  certain  height  or  else  have  a  trip  line  to  drop 
it.  The  "horsepower"  must  also  have  a  ratchet  so  that  the  line  can  be  quickly  overhauled  for 
each  drop  of  the  hammer.  This  method  will  prove,  however,  to  be  very  slow  and  expensive, 
as  seldom  more  than  10  or  15  piles  can  be  driven  per  day  even  where  the  penetration  is  small, 
and  an  engine  should  be  obtained  if  possible. 

10.  Pile-driving  Engines. — The  pile-driving  engine  is  a  hoist  engine  with  two  drums,  one  of 
which  operates  the  "hammer  line, "  and  the  other  one  the  "pile  line"  for  hoisting  piles  into  the 
leads.  These  lines  should  both  be  of  ^-in.  or  at  most  ^-in.  plough  steel  wire  rope.  The  ham- 
mer line  should  have  a  piece  of  manila  line  about  6  to  8  ft.  long  connecting  the  wire  rope  and  the 
hammer  in  order  to  give  some  spring  for  quick  handling  of  the  hammer.  The  pile  line  should 
have  about  the  same  length  of  chain  with  a  hook  on  the  end  of  it  to  pass  around  the  pile  for 
hoisting.  When  the  driving  requires  the  use  of  jets,  then  a  third  shaft  must  be  provided  on  the 
engine  to  carry  two  small  drums,  or  two  large  niggerheads,  to  carry  the  lines  for  raising  and 
lowering  the  jet  pipes.. 

The  siae  of  a  double  cylinder  engine  for  a  drop  hammer  of  1600  lb.  or  less  may  be  a  G^-^  X  0;  for  a  3000-lb. 
hammer  or  less,  a  7H  X  10  engine;  and  for  a  4500-lb.  hammer  or  less,  an  BH  X  10  engine.  Where  a  steam  pile 
hammer  is  to  be  used,  a  separate  8^  X  10  hoist  should  be  used,  and  a  locomotive  type  of  boiler  of  about  40 
horsepower  provided,  which  will  also  be  large  enough  to  supply  steam  for  a  7}i  X  4)i  X  10  steam  jetting  pump. 

11.  Driver  Leads  or  Gins. — The  leads  or  gins  for  a  driver  should  be  from  7  to  10  ft.  higher 
than  the  length  of  the  piles  to  be  driven;  and  for  building  foundations  should  have  a  very  short 
base,  with  rollers  for  moving  the  rig  about.  These  are  standard  in  all  locations,  and  if  more 
details  are  required,  a  treatise  on  pile  driving  may  be  consulted. 

The  gins  of  a  water-driver  are  mounted  on  a  scow  which  is  usually  about  18  to  20  ft.  by  60  ft.,  by  4  ft.  deep. 
This  scow  is  square  at  the  end  carrying  the  gins,  and  has  a  rake  at  the  other  end.  The  gins  on  a  water-driver  may 
be  tipped  forward  for  driving  brace  piles  with  a  small  batter,  or  have  a  set  of  false  leads  extended  in  front  for  piles 
having  a  large  batter  or  the  leads  may  be  tipped.  The  driving  of  batter  or  brace  piles  with  a  land  rig,  is  beet  ac- 
complished with  a  pendulum  driver  in  which  the  leads  are  pivoted  and  can  be  swung  sidewise  at  the  bottom  to  give 
the  required  batter. 

12.  Pile  Hammers. — Drop  hammers  for  steam  drivers  are  from  2500  to  4500  lb.  in  weight, 
usually  about  3000  lb.  They  should  have  23^  X  63^  guides,  to  run  in  width  of  24  in.  and  upon 
6-in.  leads.    They  should  not  be  too  long,  and  should  have  the  weight  largely  concentrated  at 
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the  lower  end.     For  horse  driving  they  must  have  tripping  tongd  for  releasing  the  hammer  auto- 
matically when  it  reaches  the  top  of  the  leads. 

The  steam  pile  hammer  ia  made  in  several  types  of  which  the  pile  Warrington-Naamyth  single  acting  and 
the  Amott  double  acting,  are  among  the  best,  the  smaller  siies  being  used  for  sheet  piles  and  the  larger  aises 
for  large  round  wood  or  concrete  piles.  The  striking  rams  of  the  three  sises  of  the  Warrington  hammer,  weighs 
respectively  550,  3000,  and  4800  lb.;  the  latter  hammer  weighing  complete  6  tons.  The  No.  3  Amott  hammer, 
suitable  for  large  sheet  pile  work,  has  a  total  weight  of  4500  lb.  and  a  ram  of  603  lb.  The  next  to  largest  sise,  weighs 
12,000  lb.;  and  has  a  1548-lb.  ram. 

A  steam  hammer  will  strike  from  60  to  70  blows  per  minute  according  to  sise  and  type,  and  will  keep  a  pile 
moving  more  nearly  continuously  than  will  a  plain  drop  hammer.  The  best  results  are  obtained  in  the  use  of 
steam  hammers  in  ordinary  sand,  gravel,  or  soft  clay. 

13.  Jetting. — The  use  of  jets  is  advantageous  when  a  drop  hammer  is  being  used  to  drive 
piles  in  packed  sand  or  very  sandy  gravel,  or  in  soft  firm  clay.  The  functions  of  the  jet  pipes  are 
to  both  lubricate  the  surface  of  the  pile  and  to  loosen  the  materials  in  the  path  of  the  pile  with 
water  delivered  at  a  pressure  of  from  100  to  250  lb.  per  sq.  in. 

Two  jets  should  be  used  if  they  can  be  arranged.  When  a  single  jet  pipe  is  employed,  it 
should  be  used  first  on  one  side  of  the  pile  and  then  on  the  other  to  keep  the  pile  going  straight. 
The  jet  pipes  should  not  be  fastened  to  the  pile,  but  kept  moving  up  and  down  the  pile  to  extend 
the  lubricated  areas  from  below  the  point  up  to  the  surface  of  the  ground  and  to  keep  inflowing 
soil  clear  of  the  sides  of  the  pile. 

The  jet  pipes  should  be  2H  to  3  in.  double-strength  pipe,  with  a  ^-in.  or  1-in.  nossle.  AU  benda  should  be  of 
long  noeep  in  order  to  dxminiah  pipe  firicUon  loeeee  of  preseure.  The  jet  hose  should  be  for  250-lb.  pressure,  and  be 
clamped  on  to  long  nipples  with  3  clampe  on  either  side  of  the  joint.  The  form  of  nossle  is  of  importance  and 
should  be  adapted  to  the  materials  to  be  penetrated. 

The  pump  and  boiler  capacity  must  be  large  enough  to  deliver  the  water  at  175-lb.  pressure  for  ordinary 
materials,  and  at  about  250-Ib.  pressure  for  hard  packed  material.  A  vertical  pressure  balancing  tank  between 
pump  and  jet  pipe  is  of  material  assistance  in  heavy  jetting. 

The  use  of  a  single  jet  is  often  effective  in  sand  or  fine  gravel,  if  it  is  first  run  down  full  depth  where  the  pile  is 
to  be  driven;  and  upon  pulling  out  the  jet,  if  then  placed  immediately  the  pile  can  often  be  driven  full  depth  with- 
out further  jetting.  Care  should  be  taken  in  placing  jetted  piles  not  to  overjet  the  hole,  so  that  sufficient  reeistanco 
is  encountered  by  the  pile  to  develop  its  full  bearing  power. 

14.  Pile  Points. — When  piles  are  of  good  hard  timber,  and  are  axed  to  a  square  point,  they 
will  drive  in  all  but  the  hardest  material  or  boulders,  without  metal  points.  But  in  very  hard 
clay  and  xsoarse  gravel  with  boulders,  steel  or  cast-iron  points  are  necessary  to  prevent  brooming 
and  to  c(!(t  the  way  for  the  pile.  The  usual  type  of  strap  point  is  of  very  little  use,  as  the  pile 
will  spread  out  around  it  in  driving  and  often  broom  worse  than  when  unprotected.  The  best 
form  of  point  is  a  recessed  circular  cast-iron  cone,  with  a  rod  cast  in  it  to  be  driven  into  a  slightly 
smaller  hole  cored  into  the  tip  end  of  the  pile.  This  cast  point,  if  made  in  the  shape  of  a  triangu- 
lar pyramid,  will  cut  its  ways  into  much  harder  materials  than  will  the  conical  or  any  other 
form  of  point. 

16.  Detail  Equipment — Wooden  piles  may  be  kept  from  brooming  at  the  top  during  driving 
by  a  bonnet  casting  or  else  be  ringed  with  iron  rings  of  about  %  X  2|^-in.  size.  Steam  ham- 
mers may  have  a  recessed  base  to  go  over  the  top  of  the  pile  but  for  drop  hammer  a  similar  bonnet 
of  cast  steel  to  run  in  the  leads  can  be  provided. 

When  piles  have  to  be  driven  below  water  or  at  least  below  the  leads,  a  follower  must  be  employed.  Thb 
follower  can  be  made  from  a  first-class  piece  of  pile,  which  will  often  last  better  than  one  of  hard  wood.  The  fol- 
lower must  either  be  ringed  or  else  have  a  bonnet  casting  fitting  over  the  top,  and  must  have  a  cast-steel  base  with 
a  bonnet  recess  for  fitting  over  the  top  of  the  pile. 

Other  equipment  such  as  sledges,  bars,  dollies,  ring  pullers,  and  the  like,  are  usually  supplied  with  a  driver. 

16,  Driving  Concrete  Piles. — Concrete  piles,  after  curing  for  not  less  than  three  weeks  of 
mild  or  warm  weather,  should  stand  more  punishment  in  driving  than  wooden  piles,  but  the  top 
of  the  pile  must  be  protected  against  shattering  by  a  special  cushion  cap.  This  cap  may  consist 
of  a  steel  casting  having  a  top  recess  to  receive  an  oak  or  hardwood  follower  block ;  and  a  bot- 
tom recess  to  be  packed  with  old  hose  and  rope  and  lastly  with  oak  blocks  to  come  in  contact 
with  the  concrete.  When  the  rope  or  blocks  become  burned  through  heat  of  driving  or  crushed 
solid,  they  must  be  renewed. 
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A  hole  through  the  center  of  a  oonorete  pile  as  proviaion  for  jetting,  is  not  so  effective  as  jets  used  outcdde  of  the 
pile.  Where  the  material  into  which  the  piles  are  being  driven  is  very  firm  or  packed,  jets  should  be  used  and  as 
much  shock  on  the  pile  saved  as  is  possible. 

17.  Cutting  Off  Piles. — ^When  wooden  piles  have  been  driven  with  a  follower  cap,  they 
are  seldom  broomed  up,  and  therefore  do  not  require  cutting  off  to  give  a  solid  bearing  on  their 
tops.  But  when  broomed  up  from  ordinary  driving  they  must  be  cut  off  square  to  solid  timber, 
or  if  they  are  not  driven  down  to  proper  level  they  must  be  cut  off  to  proper  height.  This  can 
be  done  in  the  dry  by  ordinary  two-man  cross  cut  saws,  but  when  the  cut-off  is  under  water,  they 
must  be  cut  off  by  a  diver  or  else  by  a  circular  saw  working  on  a  vertical  shaft  in  the  pile  driver 
leads. 

There  are  frequently  cases  where  old  piles  require  removal  by  cutting  them  off,  and  this  can  be  done  by  a  diver, 
or  else  by  placing  three  sticks  of  dynamite  around  them  and  firing  it  by  a  battery. 

18.  Pulling  Piles. — Steel  sheet  piles  can  easily  be  pulled  with  special  pulling  nippers  into 
which  the  pile  line  is  hooked,  or  else  the  hook  of  a  wire  rope  set  of  falls.  Holes  may  also  be 
bored  through  the  web  of  the  piles  at  the  top  and  a  shackle  bolted  on.  Reversing  a  double- 
acting  steam  hammer  to  strike  upward,  supporting  the  whole  from  a  derrick,  is  also  used  suc- 
cessfully. 

Wooden  slieet  piles  or  round  piles  are  pulled  by  taking  several  turns  around  the  top  of  a  pile  with  a  heavy  chain, 
or  with  a  wire  rope  sling,  and  hooking  a  set  of  double  or  triple  wire  rope  blocks  into  it.  It  may  be  necessary  to  keep 
hold  of  a  pile  for  some  time  to  overcome  suction  before  it  starts,  but  if  it  does  not  start  readily,  a  blow  or  two  from 
the  pile  hammer  may  loosen  it.  Jetting  around  piles  is  also  of  assistance  in  loosening  them  as  they  are  being 
pulled  upon. 

The  use  of  levers  and  jacks  for  pulling  piles  in  soft  material  b  often  effective,  but  for  any  large  number  some 
power  rig  should  be  used. 


EXCAVATING 

By  a.  G.  Moulton 

Excavating,  with  the  attendant  grading,  is  necessary  in  every  building  enterprise.  Gen- 
erally being  the  first  branch  of  the  work  undertaken,  it  is  often  unconsciously  called  upon  to 
bear  many  of  the  organization  expenses  that  might  be  more  correctly  prorated  against  the 
succeeding  trades.  For  that  reason,  a  carefully  studied  program  should  be  mapped  out  before 
starting  work  to  be  sure  that  proper  methods  are  chosen  and  all  economies  observed. 

19.  Equipment  for  Excavating. — ^Local  conditions  vary  so  with  each  building  operation 
that  anything  more  than  a  brief  description  or  reference  to  the  proven  methods  and  various 
types  of  equipment  for  excavating  purposes  would  be  useless  in  an  article  of  this  kind. 

In  the  case  of  excavation  for  solid  foundation  walls  and  piers,  where  the  work  would  be 
mainly  pick  and  shovel,  and  the  excavated  material  disposed  of  by  wasting  on  the  banks,  or 
transferred  by  wheel  barrows  in  the  immediate  vicinity;  or  in  the  case  of  basement  excavation 
where  the  ground  may  be  broken  up  by  a  plow  and  removed  beyond  the  building  lines  by  two 
horse  scrapers  or  slips,  or  directly  loaded  into  wagons  or  trucks  which  have  been  driven  into 
the  excavated  area;  or  even  in  the  case  of  the  larger  excavations  where  the  steam  shovel 
becomes  a  possibility,  there  is  not  much  danger  of  a  mistake  in  choice  as  to  method.  It  is  in  the 
deep  basement  work  through  varying  conditions  of  soil  that  the  opportunity  for  careful  study 
of  plant  layout  is  encountered. 

20.  Steam  Shovel  Excavating. — ^Where  1500  yd.  or  more  are  involved,  and  where  the 
width  of  the  lot  will  permit  a  full  swing,  it  is  generally  conceded  that,  except  in  rock  work,  the 
small  revolving  steam  shovel  running  on  tractor  equipment  provides  the  most  economical  tool. 
On  the  first  cut  through,  the  wagons  or  trucks  are  loaded  while  standing  on  the  grade.  When  the 
depth  of  the  cut  exceeds  the  limit  of  the  shovel,  it  becomes  necessary  to  introduce  the  bridge 
or  inclined  driveway  to  bring  the  trucks  down  to  the  floor  of  the  cut.  A  booster  engine  set  on  the 
grade  level  to  pull  or  ease  the  loads  out,  will  permit  of  a  sharper  incline. 
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When  the  depth  of  cut  reaches  a  point  that  will  prohibit  the  further  use  of  an  incline,  other  features  will  have 
been  introduced  in  the  way  of  holding  or  shoring  of  banks  with  consequent  restriction  on  working  area  as  to  render 
unprofitable  the  further  use  of  the  shovel.  If  the  basement  is  to  go  to  still  further  depth,  then  hand  work  will  be 
resorted  to  and  the  excavated  materials  carried  to  above  street  level  and  deposited  in  chutes  or  hoppers  for  easy 
transfer  to  trucks  at  that  point.  The  elevation  may  be  obtained  either  through  small  oars  and  barrows  on  platform 
hoists  or  in  buckets  operated  by  boom  derricks.  On  such  work,  the  use  of  the  dam-shell  will  not  be  practical,  as 
the  cross  lot  bracing  for  supporting  street  banks  would  cause  too  much  interference. 

21,  Shoring,  Sheeting,  and  Underpinning. — ^The  holding  or  shoring  of  street  banks  and 
underpinning  of  adjoining  structures,  often  presents  quite  serious  complications  especially 
if  the  excavation  is  to  be  carried  to  some  depth  through  treacherous  soil.  In  such  instances,  the 
expedient  is  sometimes  adopted  of  sinking  a  trench  full  depth,  on  the  line  or  curb  wall,  in  ad- 
vance of  the  general  excavation.  This  trench  may  be  opened  in  sections  if  the  entire  frontage 
involved  would  be  too  great  to  handle  safely  in  one  operation.  The  trench  will  be  sheeted 
tight  or  not,  depending  upon  the  character  of  the  soil,  and  cross  braced  with  struts  and  wedges. 
On  heavy  work,  screws  are  introduced  to  make  up  for  ground  movement  and  settlement.  Up 
to  15  ft.  in  depth,  the  material  from  such  a  trench  may  be  benched  out  by  hand.  Beyond  that 
depth,  the  excavated  material  should  be  passed  up  by  mechanical  means,  such  as  buckets  oper- 
ated by  hand  winches  or  boom  derricks.  The  trench  having  been  completed,  the  wall  is  next 
constructed  and  upon  acquiring  normal  strength  the  general  excavation  of  the  basement  pro- 
ceeds. Temporary  supports  to  help  resist  the  earth  pressure  must  be  given  the  wall  from  the 
inside  as  the  ground  is  removed.  This  is  generally  obtained  through  batter  braces,  which  are 
left  in  place  until  the  building  columns  and  permanent  framing  have  been  installed. 

21a.  Sheet  Piling  and  Shifting  Soils. — ^Where  ground  conditions  are  good, 
such  as  in  clay,  or  compact  sand  and  gravel,  the  above  method  with  its  great  amount  of  hand 
work  would  be  too  expensive.  In  such  cases,  the  general  excavation  would  be  carried  down 
the  full  area  of  the  lot  and  the  banks  left  at  sufficient  slope  to  stand  alone,  or  skeleton  braced 
from  the  inside.  In  dry  sand  and  running  soil,  a  tight  sheet  piling  will  be  required.  This  may 
be  composed  of  vertical  planks,  square-edged  or  matched  as  the  case  may  require,  and  driven 
through  by  hand  or  by  small  sheet  hammers  operating  on  steam  or  compressed  air.  When  water 
is  to  be  encountered,  a  system  of  steel  interlocking  sheet  piling  will  possibly  be  chosen. 

Any  tjrp^  of  sheet  piling  will  require  bracing  to  hold  it  in  position,  and  the  proper  erection  of  this  bracing,  so  as 
to  permit  the  later  carrying  up  of  permanent  walls,  should  receive  due  consideration.  Instead  of  building  them  in, 
leaving  a  hole  to  be  plugged  later,  it  is  generally  preferable  to  strike  the  braces  as  the  work  goes  up,  replacing  same 
on  the  inside  of  the  wall. 

21&.  Protection  of  Adjacent  Structures. — The  holding  and  shoring  of  adjoining 
buildings  generally  presents  so  many  elements  of  risk,  that,  unless  it  is  a  relatively  simple 
operation,  this  branch  of  the  work  had  better  be  entrusted  to  specialists  in  that  line. 

Underpinning  where  the  soil  is  unyielding  can  be  carried  out  successfully  and  without  great  danger  if  due 
precaution  is  given  to  the  number  and  length  of  the  di£Ferent  sections  which  are  to  be  worked  on  simultaneously. 
These  should  not  be  too  close  together  and  generally  not  in  lengths  over  6  or  8  ft.,  and  the  load  of  the  structure 
should  be  brought  to  bear  on  the  new  Work  before  opening  up  an  adjoining  section.  This  is  accomplished  by  means 
of  slim  metal  wedges  inserted  between  specially  prepared  stone  wedging  blocks  built  into  the  underpinning  and 
driven  home  after  the  masonry  has  taken  a  set.  If  the  soil  is  particularly  unyielding,  the  same  results  can  be  ob- 
tained by  a  wedge  course  of  brick  inserted  by  the  mason  as  he  tops  off  the  underpinning  work.  When  using  the 
sectional  method,  little  or  no  timbering  will  be  required  beyond  an  occasional  spur  brace  to  overcome  tendency 
of  the  old  wall  to  slip.  If  the  old  wall  is  in  poor  condition,  or  the  soil  under  it  inclined  to  be  treacherous,  needling 
of  the  wall  had  better  be  resorted  to  and  the  aid  of  a  specialist  secured. 

22.  Rock  Excavation. — Rock  excavation  is  carried  on  by  the  aid  of  explosives  and  in  most 
communities  not  only  is  a  licensed  powder  man  required  to  do  the  shooting,  but  regulations 
are  also  provided  covering  the  manner  in  which  the  dynamite  may  be  handled  and  stored.  On 
small  work,  hand  drills  are  successfully  used,  but  where  the  yardage  to  be  removed  is  great, 
steam  or  air  drills  should  be  provided.  The  use  of  the  explosive  is  to  lift  the  rock  slightly  and 
break  it  up  into  sizes  convenient  for  disposal.  The  number  and  size  of  the  respective  charges 
is  dependent  upon  the  surrounding  conditions,  and  the  supervision  of  this  class  of  work  should 
be  entrusted  only  to  those  who  are  thoroughly  familiar  with  its  possibilities.     After  being 
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shattered,  the  rock  is  loaded  in  skips  or  buckets  and  removed  from  the  basement  by  a  boom 
derrick  or  picked  up  by  a  steam  shovel  and  deposited  into  trucks  or  cars. 

28.  Open  Caissons. — Caisson  excavation  may  be  carried  on  in  the  open  or  by  means  of 
locks  and  compressed  air,  the  latter  expedient  being  adopted  only  when  excessive  water  condi- 
tions preclude  the  open  method. 

For  building  footings,  caissons  are  generally  designed  circular  in  form,  varying  from  4  to 
10  ft.  in  diameter  and  carried  down  either  to  bed  rock,  or  stopped  off  and  belled  out  on  some 
convenient  strata  of  hardpan.  Under  the  former  condition,  depths  of  100  ft.  and  upward  are 
sometimes  encountered.  Excavation  is  done  by  hand,  the  excavated  material  being  lifted  to 
the  surface  by  buckets  suspended  over  the  mouth  of  the  well  and  raised  and  lowered  through 
the  agency  of  a  niggerhead,  the  mechanism  receiving  its  power  through  a  traction  cable  lead 
from  a  conveniently  placed  hoisting  engine.  Ten  to  fourteen  wells  comprise  a  set  up  and  are 
commonly  run  from  one  engine.  This  provides  a  constant  speed  for  all  the  niggerheads,  and 
the  individual  operator  at  the  head  of  each  well  on  signal  from  below  raises  the  filled  bucket 
by  taking  2  or  3  wraps  of  the  hoisting  line  over  the  niggerhead.  The  excavation  ifi^  carried  down 
to  a  depth  of  5  ft.  4  in.  and  then  lagged  with  2-  or  3-in.  matched  lumber,  the  lagging  Jbeing  held 
in  place  by  metal  rings  inserted  two  to  each  length  of  lagging.  The  rings  are  rolled  out  of  flat 
bars  and  made  up  in  two  sections  to  the  ring.  After  being  brought  to  position,  the  two  halves 
are  bolted  together  at  the  ends  and  wedged  tightly  against  the  lagging.  The  excavation  then 
proceeds  for  another  stretch  and  repeats  until  the  bottom  has  been  reached. 

When  woridng  through  wet  ground,  bailing  may  not  be  sufficient  and  pximps  may  be  required.  For  thia  pur- 
pose, steam  ssrphons  or  pulaometer  pumps  will  be  found  most  convenient.  Sections  of  steel  lagging  may  be  re- 
quired if  the  ground  is  very  soft,  but  its  use  is  not  always  attended  with  satisfaction.  Continued  pumping  of  a  well 
with  little  or  no  headway  shown  is  bad  pnBctice,  and  will  lead  to  sure  trouble  on  adjacent  wells.  When  such  condi- 
tions arise,  pumping  should  be  discontinued  and  every  effort  first  exhausted  to  stop  the  inflow  of  water  and  sand  by 
tightening  up  the  lagging.  An  inner  set  of  sufficient  length  driven  ahead  of  the  excavation  may  make  it  possible 
to  pass  the  soft  spot.  This  procedure,  however,  is  at  the  expense  of  a  reduced  area  on  the  caisson,  and  for  that 
reason  may  not  be  permissible.  The  use  of  hay  or  straw  for  packing  back  of  the  wooden  lagging  will  often  over> 
come  water  difficulties  which  otherwise  seem  insurmountable. 

Electric  lights  and,  in  some  cases,  forced  ventilation  will  be  required  for  the  workmen  at  the  bottom  of  the 
wells. 

When  wells  are  belled  out,  it  is  not  customary  to  lag. the  last  section  but  to  immediately  fill  it  with  concrete 
as  soon  as  it  has  been  shaped  up  and  cleaned  out. 

The  rings  may  be  salvaged  as  the  concreting  is  brought  up,  but  the  lagging  is  left  in  place.' 

S4.  Compressed  Air  Caissons. — ^In  ground  conditions  where  water  or  quicksand  would 
make  open  work  impractical,  compressed  air  is  resorted  to.  In  this  work  caissons  are  carried 
down  in  the  open  as  far  as  possible  and  then  an  air-lock  is  installed  at  the  head  of  the  well. 
Through  this  vestibule,  which  by  the  manipulation  of  valves  is  alternately  under  normal  and 
then  at  an  increased  air  pressure  which  vanes  with  the  requirements,  all  workmen  and  excava- 
ted material  must  pass.  The  air  pressure  in  the  working  chamber  is  kept  at  a  point  just  suf- 
ficient to  exclude  the  incoming  water  and,  to  a  workman  accustomed  to  it,  little  or  no 
inconvenience  will  result. 

Experienced  men  only  should  be  used  on  this  class  of  work,  and  every  precaution  should  be  taken  to  see  that 
ih»  compressor  plant  and  all  other  apparatus  is  in  firsts-class  working  order.  The  use  of  naked  lights  should  be 
prohibited,  as  combustion  will  b§  found  much  more  rapid  than  when  exposed  under  normal  pressure. 

In  the  majority  of  cases,  it  will  be  found  desirable  to  start  caisson  work  from  the  normal  ground  level  rather 
than  to  await  the  completion  of  basement  excavation.  The  additional  expense  of  hand  over  steam  shovel  labor  for 
the  yardage  included  in  the  caisson  tops,  will  be  more  than  Qompensated  for  by  the  saving  in  time  to  the  building 
schedule  and  also  the  greater  convenience  in  removing  the  caisson  dirt  from  the  premises. 
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FOUNDATION  WORK 

By  a.  G.  Moulton 

The  term  foundation  work  is  generally  considered  to  cover  the  construction  of  all  support- 
ing masonry  including  embedded  steel  up  to  that  level  known  as  gra.de.  It  may  comprise 
curb  and  area  walls,  retaining  walls,  isolated  column  footings,  foundation  girders,  wall  footings, 
elevator  pits,  machine  foundations,  etc.  The  difficulties  attending  upon  foundation  work 
will  be  found  to  increase  almost  directly  proportionate  with  its  depth. 

In  present  day  practice,  concrete  is  almost  universally  used  for  foundations.  On  smaller 
buildings  such  use  may  be  restricted  to  footings  only,  with  the  retaining  or  foundation  walls 
themselves  run  up  in  brick  or  hollow  tile,  but  on  larger  work,  where  greater  strength  is  required 
to  resist  earth  pressure,  concrete,  either  plain  or  reinforced,  will  be  the  probable  choice.  The 
general  excavation  or  grading  having  been  completed  and  footing  trenches  and  piers  opened 
up,  concreting  of  same  should  immediately  follow.  If  the  soil  will  stand  unsupported,  forms 
are  not  neeessarily  required  for  a  footing  course,  and  the  excavation  should  be  made  to  neat  lines. 

26.  Pumping  of  Excavations. — On  all  foundation  work,  pumping  equipment  of  some  kind 
should  be  provided  so  that  trenches  and  pits  can  be  pumped  out  before  concreting  is  imdertaken. 
The  size  and  scope  of  the  undertaking  will  determine  the  capacity  and  number  of  pumps  required. 
These  may  be  anything  from  the  small  hand  operated  diaphragm  pump  up  to  the  larger  capac- 
ity centrifugal  and  triplex  types  electrically  or  steam  driven.  The  diaphragm  punfp,  mounted 
on  skids  or  trucks  and  gasoline  driven,  will  find  its  use  on  any  foundation  job.  For  the  deeper 
pits,  the  steam  syphon  or  the  pulsometer  type  of  pump  will  probably  give  the  best  results.  A 
liberal  boiler  capacity  should  be  provided,  however,  if  they  are  chosen.  If  the  lift  to  the  sewer 
or  surface  is  so  great  as  to  require  pressure  pumps,  it  will  be  found  desirable  to  first  gather  the 
groimd  water  in  a  sump  pit  or  temporary  basin  by  means  of  diaphragm  pumps,  so  that  the 
sand  and  grit  may  settle  out  before  being  lifted. 

It  should  be  remembered  that  in  open  basements,  particularly  in  clay  where  the  surface  water  does  not  readily 
soak  away,  a  3-in.  rain  fall  may  tie  up  the  entire  operation  for  48  hr.  or  longer.  Under  such  conditions,  a  pumping 
plant  of  adequate  capacity  is  always  a  good  investment. 

26.  Damage  to  Excavations  by  Rainfall  and  Surface  Water. — Proper  protection  should  be 
afforded  against  damage  from  surface  water  flowing  into  the  excavation  from  neighboring 
streets.  At  the  height  of  a  heavy  rain  storm,  with  the  sewers  taxed  to  their  capacity,  this  may 
become  a  serious  menace  to  the  work,  particularly  if  the  street  banks  are  sheet  piled  and  the 
surface  water  finds  entrance  behind  the  sheeting.  A  small  earth  or  sand  dam  thrown  up  on  the 
street  beforehand,  parallel  to  the  work,  may  prevent  this  damage. 

Precaution  should  be  taken  to  sec  that  old  sewer  stubs  entering  the  site  are  solidly  blocked  up  to  resist  a  back 
flow,  and  that  all  street  sewers  and  water  mains  that  have  been  exposed  are  substantially  shored  or  braced. 

27.  Concreting  Plant. — In  choosing  the  proper  type  of  concreting  plant  for  any  particular 
job,  so  many  factors  must  enter  into  consideration  that  nothing  but  the  most  general  suggestions 
would  be  of  value  here.  Ordinarily,  that  type  which  is  the  most  conservative  on  hand  labor 
should  be  the  adopted  one.  Mechanical  concrete  mixers  are  now  obtainable  in  so  many  sizes 
and  types  that  one  will  be  found  to  meet  any  given  condition  of  foundation  work.  As  a  result, 
hand  mixed  concrete  is  now  seldom  to  be  considered. 

For  street  and  curb  walls,  the  small  two  and  one  bag  mixers  that  can  be  readily  moved  from 
place  to  place  And  the  charge  spouted  direct  into  the  forms,  will  probably  be  found  the  most 
economical  unit.  For  column  footings,  where  the  individual  yardage  is  not  sufficient  to  warrant 
the  progressive  movement  of  the  mixer,  the  ^-  or  ?^-yd.  mixers  and  concrete  buggies  will 
provide  the  solution. 

For  caisson  work,  where  the  yardage  in  each  pier  is  considerable,  a  permanently  established  mixer  serving 
through  1-yd.  tilting  cars  on  a  narrow  gage  track,  will  give  good  satisfaction.  Upon  being  dumped,  the  cars  deliver 
their  load  into  a  portable  receiving  hopper  suspended  at  the  top  of  the  well,  and  from  there  to  the  bottom  through 
a  flexible  telescopic  spout.  This  spout,  approximately  10  in.  in  diameter,  of  light  iron,  is  made  up  in  sectional 
lengths  of  about  4  ft.  each,  the  sections  being  removed  from  the  bottom  as  the  concrete  rises  in  the  well. 
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The  UBe  of  a  tower  with  gravity  chutes  for  light  foundation  work  will  not  as  a  general  rule  work  out  econom- 
ically. If  on  the  other  hand,  however,  the  character  of  the  superstructure  indicates  the  gravity  system  as  being 
proper,  its  early  installation  and  use  on  the  foundations  would  be  permissible. 

Generally  speaking,  when  in  doubt  as  to  the  capacity  of  the  mixer  required,  select  the  smaller  sise.  This  leaves 
you  in  a  position  where  with  a  steady  run-off  before  you,  you  can  speed  up  the  number  of  batches  to  readily  obtain 
the  desired  output,  whereas  with  an  interrupted  flow,  the  idle  forces  back  of  the  mixer  will  be  at  a  minimum.  With 
the  larger  mixer  under  such  conditions  all  lost  or  idle  time  is  correspondingly  felt  on  the  payroIL 

Availability  of  storage  space  and  convenience  of  delivery  for  the  dry  materials  are  important  determining  fac- 
tors in  the  selection  and  location  of  the  plant.  It  should  be  remembered  that  the  opportunities  are  infinitely 
greater  for  wasting  labor  back  of  a  mixer  than  in  front  of  it. 

28.  Forms  and  Reinforcement  for  Foundations. — Form  work  and  the  placing  of  rein- 
forcement for  foundation  work  does  not,  as  a  rule,  present  the  problems  that  are  present  in 
superstructure  work.  Piers  and  footing  courses  require  only  the  simplest  knowledge  of  form 
building,  and  the  wall  forms  are  the  only  ones  that  may  call  for  a  show  in  skillful  design.  The 
general  subject  of  forms,  their  design  and  construction,  is  considered  in  Art.  39. 

29.  Waterproofing  of  Foundations  and  Basements.^ — Waterproofing  of  basements  is  so 
intimately  connected  with  foundation  work  that  it  is  well  to  consider  it  at  this  point. 

Various  methods  of  waterproofing  are  in  use,  any  one  of  which  may  be  encountered  by  the 
builder.  There  is  the  integral  compound,  either  powder  or  Liquid  in  form,  which  is  introduced 
in  the  concrete  at  the  time  of  mixing,  and  directions  for  the  use  of  which  are  furnished. by  the 
manufacturer.  Another  method  is  the  coating  of  the  finished  wall  with  special  preparations, 
such  as  ironite  or  thehydrolithic  compounds.  These  are  usually  applied  to  the  interior  face 
of  the  wall,  permitting  the  work  to  be  done  at  any  convenient  time.  A  third  method  is  the 
coating  of  the  exterior  of  the  wall  with  coal  tar  pitch,  in  which  is  embedded  two  or  more  plies  of 
roofing  felt. 

When  conditions  require  a  so-caHed  pressure  basement,  a  connecting  strip  of  felt  and  tar  is  carried  through  all 
exterior  walls  as  well  as  over  all  column  footings  at  a  level  a  few  inches  below  the  finished  basement  floor.  After 
the  walls  are  finished,  the  coating  on  the  back  of  the  walls  is  applied  and  connected  to  a  lap  provided  on  these  hori- 
sontal  stripe  and  eventually  it  is  also  connected  up  to  a  sheet  which  extends  under  the  entire  basement  floor.  For 
basements  which  are  under  a  constant  head  of  water,  this  is  one  of  the  most  successful  methods,  and  if  carried 
out  with  due  care  will  provide  ample  and  lasting  protection.  When  it  is  impractical  to  provide  sufficient  spape  in 
which  to  apply  the  exterior  coating  on  walls  after  they  are  in  place,  the  felt  and  tar  may  be  mopped  on  to  a  4-in.  brick 
or  tile  wall,  which  is  run  up  in  advance  and  against  which  the  permanent  wall  is  then  installed.  If  this  be  of  con- 
crete construction,  then  the  vertical  felt  course  as  well  as  all  horisontal  ones  should  be  protected  against  damage  by 
8  safety  course  of  cement  mortar  trowelled  on. 

Pressure  should  be  relieved  until  the  last  through  some  conveniently  located  sump  pit  at  which  time  this  place 
may  be  sealed;  and  if  the  waterproofing  is  skillfully  applied  the  basement  will  be  tight  thereafter. 


STRUCTURAL  STEEL  WORK 
By  a.  G.  Moulton 

Structural  steel  is  utilized  so  frequently  in  the  various  phases  of  building  construction  that 
a  general  knowledge  of  its  proper  and  economical  handling  is  most  essential.  Aside  from  its 
use  as  sheet  piling,  and  in  superstructure  work,  steel  is  used  to  some  extent  in  building  opera- 
tions as  grillage  beams  and  foundation  girders  which  support  the  column  bases  or  stools,  which, 
in  turn,  carry  the  columns.  In  some  designs  the  cast  stools  will  be  eliminated  and  rolled  or 
cast  steel  billets  substituted. 

80,  Setting  Grillages. — Grillage  is  commonly  used  as  two  sets  of  steel  beams  on  each  foot- 
ing— one  placed  on  top  of  the  other,  but  reversed  as  to  direction  of  length.  The  individual 
beams  making  up  a  set  of  grillage  are  tied  together  by  means  of  bolts  and  pipe  supporters,  and 
wherever  the  assembled  unit  is  not  beyond  the  capacity  of  the  field  forces  to  handle,  it  will  be 
found  desirable  to  have  the  assembling  done  at  the  mill. 

The  concrete  of  footings  or  piers  where  it  receives  the  grillage  should  be  left  by  the  mason  2  or  3  in.  below  the 
final  levd  so  as  to  enable  the  more  accurate  setting  of  screeds.     Should  there  be  a  division  of  responsibility  between 

> For  a  more  complete  treatment, see  Hool  and  Johnson's  "Concrete  Engineers'  Handbook,"  pp.  82  to  90. 
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the  mason  and  the  steel  erectors,  the  best  results  will  be  obtained  by  having  the  mason  set  the  screeds.  These 
should  be  brought  to  exact  level  by  engineers*  instruments  and  solidly  grouted  into  place.  Pieces  of  lyi-in.  angle 
back  up,  or  wooden  strips  about  1  X  IH  ^-i  make  satisfactory  screeds.  Grillage  beams  are  adjusted  for  position 
laterally  by  means  of  lines  stretched  through,  on  column  center  points  and  projected  down  by  the  aid  of  small 
plumb  bobs.  If  an  engineer's  transit  is  available,  more  exact  work  will  be  obtainable.  An  aoourate  set  of  grill- 
age beams,  which  means  the  same  for  stools  and  columns,  is  well  worth  the  effort  to  obtain.  A  toleraaoe  of  H  in» 
plus  and  minus,  both  in  level  and  line  is  unsatasfactory  practice. 

As  soon  as  beams  have  been  set  and  checked  by  the  engineer,  they  should  be  concreted  in  to  guard  against 
accidental  shifting.    On  the  top  act,  hand-hold  clearance  should  be  left  to  insert  column  bolts,  if  same  are  required. 

31*  Equipment  For  Erecting  Steel  Frame  Buildings. — On  steel  frame  buildings,  the  erec- 
tion equipment  will  be  delivered  and  set  up  while  the  foimdation  work  is  being  carried  on. 
The  selection  as  to  t3rpe  of  derrick  is  governed  by  the  size  of  the  building  site  and  the  character 
of  the  work  to  be  handled.  If  it  is  such  as  to  give  proper  play  to  the  revolving  boom,  then 
either  a  guy  derrick,  stifiF  leg,  or  the  so-called  Chicago  boom,  may  be  used.  Where  proper  guying 
can  be  obtained  and  on  lots  40  ft.  or  more  in  width,  the  guy  derrick  will  prove  the  most  econom- 
ical. Where  suitable  anchorage  is  difficult  to  find,  or  where  the  guys  themselves  would  be 
objectionable,  as  on  narrow  comer  lots,  the  stiff  leg  derrick  will  probably  be  chosen.  On  narrow 
lots,  with  neighboring  building  on  one  or  both  sides,  of  height  equal  or  greater  than  the  new 
building,  then  the  Chicago  boom  may  be  used.  This  presupposes  that  the  consent  of  the  adjoin* 
ing  owner  for  such  use  of  his  structure  can  be  obtained.  The  expedient  of  setting  the  derrick 
on  top  of  the  adjoining  building  should  be  adopted  only  as  a  last  resort.  Greater  initial  cost, 
the  discomfort  of  tenants  through  vibration  and  confusion  of  workmen  going  to  and  from  the 
roof,  the  expense  of  keeping  roof  in  water-tight  condition  during  operation,  and  the  permanent 
repairs  later,  will  all  go  to  more  than  offset  any  saving  gained  through  not  having  to  make 
additional  moves  in  carrying  the  derrick  up  with  the  new  work. 

82.  Locating  Derricks  for  Erection. — Having  chosen  the  type  and  number  of  derricks 
required,  the  exact  location  of  mast  centers  should  be  duly  determined.  This  should  be  such 
as  will  allow  the  greatest  range  of  action  over  the  building  area,  suitable  consideration  being 
given  to  the  point  from  which  loads  of  steel  will  be  received,  and  sufficient  length  of  boom 
reserved  for  that  purpose. 

83.  Cycle  of  Erecting  Operations  with  Derricks. — With  the  guy  derrick,  full  revolution 
of  the  boom,  or  360  deg.,  is  possible;  with  the  stiff  leg  but  270  deg.  can  be  reached  with  full 
swing;  and  with  the  Chicago  boom  but  180  deg.  The  greater  range  of  the  guy  derrick  makes 
it  much  to  be  preferred.  For  building  work,  booms  from  75  to  90  ft.  in  length  are  used.  A 
guy  derrick  with  an  85-ft.  boom  will  develop  the  greatest  efficiency  when  serving  an  area  of 
approximately  10,000  sq.  ft.  The  tonnage  involved  in  such  area,  will  generally  work  out  so  as  to 
provide  a  4rday  cycle  between  raises.  When  two  or  more  derricks  are  engaged  on  the  same 
operation,  precision  of  raises  must  be  observed — otherwise,  confusion  will  result  in  the  shipping, 
hauling,  and  unloading  of  steel  at  the  building  site.  The  expense  of  an  idle  derrick  with  fjuU 
crew  waiting  for  steel  is  such  that  any  departure  from  the  estimated  schedule  is  promptly  dis- 
closed through  the  daily  cost  statements. 

On  a  4-day  cycle,  one  day  will  be  required  in  receiving  the  steel  and  elevating  it  to  the  working  floor.  Such 
columns  as  will  not  obstruct  the  play  of  the  boom  will  be  set  between  loads.  The  second  day  will  be  used  in  sorting 
out  the  various  beams  and  girders  and  throwing  them  out  on  the  working  floor  in  the  various  panels  to  which  they 
belong.  When  sorting  steel,  the  boom  should  never  swing  without  a  load,  and  the  active  foreman  will  so  arrange 
his  work.  Sorting  hooks  are  used  for  handling  individual  beams  and,  as  soon  as  a  number  of  beams  for  the  same 
panel  have  been  found,  a  sling  is  thrown  around  them  and  they  are  delivered  to  the  proper  location.  The  third 
day.  the  erection  of  the  two  tiers  above  the  working  floor  is  made,  and  on  the  fourth  day  the  derrick  is  closed  in  and 
raised  to  the  new  level,  and  planking  laid  for  the  next  working  floor. 

When  working  on  shops,  factory  buildings,  and  other  low  structures  where  the  tonnage  is  mainly  in  crane 
girders  and  roof  trusses,  one  or  more  poles  working  abreast  and  moved  back  out  of  the  way  of  the  advancing  work, 
will  be  the  method  chosen.  On  such  class  of  work,  if  the  tonnage  is  sufficient  and  direct,  and  railroad  connection 
is  convenient,  the  locomotive  crane  will  be  found  more  economical  than  the  poles.  (!)n  heavier  and  higher  struc- 
tures, such  as  train  sheds,  power  houses,  etc.,  which  exceed  the  working  range  of  either  poles  or  locomotive  cranes, 
resort  is  then  had  to  the  traveler,  with  one  or  two  booms  mounted  on  same,  as  conditions  may  require. 

84.  Choice  of  Power  for  Derricks. — Wherever  electric  power  is  available,  it  is  generally 
to  be  preferred  over  steam  for  the  derrick  hoists,  particularly  on  high  buildings,  where  to  over- 
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come  the  excessive  drum  size  required  to  hold  the  necessary  length  of  cable  otherwise  required, 
the  hoists  are  themselves  raised  to  levels  midway  in  the  building.  Greater  cleanliness,  the 
avoidance  of  the  coal  and  ash  problem,  to  say  nothing  of  the  time  saved  in  not  having  to  raise 
steam,  are  all  in  favor  of  the  electric  equipment. 

86.  Bolting  and  Plumbing  of  Superstructure. — Aa  steel  work  is  erected,  it  is  loosely  bolted 
by  the  connectors,  except  in  those  panels  which  carry  the  load  of  the  derrick.  These  sections 
should  be  bolted  up  100  %,  and  all  tie-rods,  if  any,  inserted  and  drawn  to  place  before  the  derricks 
are  raised.  Before  riveting  is  started,  certain  plumbing  of  columns  may  be  required.  Gen- 
erally, this  will  be  foimd  in  connection  with  the  comers  of  the  building  and  those  colimins  adja- 
cent to  the  elevator  shafts.  The  great  refinement  which  has  entered  into  both  shop  detailing  and 
fabrication  of  steel  work  during  recent  years,  has  made  unnecessary,  to  a  large  extent,  the 
plumbing  heretofore  required.  Where  plumbing  is  needed,  it  is  accomplished  by  means  of 
diagonal  cables  strung  in  a  vertical  plane  and  tightened  by  means  of  turn-buckles  or  steamboat 
ratchets.     As  soon  as  the  work  is  riveted,  the  plumbing  guys  can  be  removed. 

86.  Riveting. — With  good  average  workmanship  on  the  part  of  the  fabricating  shop,  it  is 
possible  to  start  driving  on  the  floor  panels  as  soon  as  the  beams  have  been  raised  to  position 
and  by  keeping  one  or  more  riveting  gangs  engaged  above  the  working  floor,  or  that  where  the 
derrick  sets,  they  will  have  the  top  tier  driven  before  the  deck  planking  is  raised  to  become 
the  new  working  floor.  The  riveters  then  drop  back  and  catch  the  intermediate  tier,  return- 
ing again  on  the  third  day  to  the  new  upper  level  and  the  cycle  is  repeated.  This  method  is 
extremely  valuable  as  a  time  saver,  inasmuch  as  it  permits  the  centering  for  the  floor  system 
to  keep  directly  behind  the  derricks. 

87.  Steelwork  the  Pacemaker. — Steelwork  being  one  of  the  principal  lines  of  work,  should 
be  made  the  pacemaker  for  the  balance  of  the  trades;  therefore,  it  is  doubly  essential  that  a 
good,  clean  job,  with  all  points  caught  up  as  it  goes,  should  be  given.  With  such  an  example,  other 
trades  are  more  apt  to  accept  the  invitation  and  follow  along  similar  lines.  On  the  other  hand, 
if  the  job  is  not  cleaned  up  as  it  ^oes,  and  the  riveting  or  painting  is  allowed  to  drag,  then  the 
effect  will  be  immediate,  the  following  trades  will  be  strung  out  to  unnecessary  limits,  and  the 
progress  of  the  whole  building  will  suffer  delay. 


FLOOR  CONSTRUCTION 
By  a.  G.  Moulton 

Uniformly  progressive  installation  of  the  various  floor  systems  in  a  building,  whatever  may 
be  their  type,  is  a  healthful  indication  of  the  progress  of  the  structure  as  a  whole.  The  more  even 
the  rate  at  which  floors  are  installed,  and  in  steel  frame  buildings,  the  more  closely  their  con- 
struction is  kept  up  with  that  of  the  supporting  steel  or  walls,  the  better  will  be  that  building's 
progress.  This,  perhaps,  will  be  more  readily  understood  when  it  is  considered  that  on  build- 
ings of  more  than  the  one  floor  level  each  succeeding  floor  system  as  installed  furnishes  just 
that  needed  additional  space  on  which  to  advance  the  trades  in  sequence,  and  provides  an  open- 
ing for  the  next  and  newest  trade  on  the  lower  level. 

Ordinarily,  the  normal  progress  of  trades  up  to  the  point  of  plastering  is  through  the  build- 
ing from  the  bottom  up.  From  that  point  on,  in  fireproof  buildings  of  8  stories  and  under,  other 
conditions  enter  into  consideration  and  it  may  be  found  advisable  to  start  the  finishing  trades 
from  the  top  and  work  downward.  On  buildings  above  8  stories  in  height,  where  a  normal 
schedule  has  been  maintained,  this  change  in  direction  can  be  made  only  at  the  expense  of  a  defi- 
nite delay  in  the  final  completion  of  the  building. 

In  view  of  the  importance  of  the  rate  at  which  floors  are  constructed,  it  can  be  seen  that 
every  effort  should  be  made  to  schedule  the  delivery  of  materials  so  that  the  floor  installations 
may  proceed  uninterrupted  at  the  predetermined  pace. 

88.  Centering  for  Floors. — In  all  cases,  some  type  of  centering  or  forms  will  be  required, 
the  selection  and  design  of  which  are  usually  left  to  the  discretion  of  the  builder.  Having  reached 
S2 
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a  decision  a^  to  the  type,  consideration  is  then  given  as  to  the  quantity  of  centering  which 
should  be  provided  in  order  to  give  uninterrupted  service.  Reference  to  the  building  schedule 
indicates  the  allotted  time  from  finish  to  finish  of  the  respective  floor  systems,  while  the  type 
of  system  and  the  season  of  year  in  which  the  construction  is  proceeding  determines  the  length 
of  time  that  should  elapse  between  the  placing  and  stripping  of  a  set  of  forms  or  centers.  With 
these  two  factors  known,  the  extent  of  centering  required  will  easily  be  determined. 

On  steel  frame  buildings  with  short  or  semi-long  span  arch  construction,  the  centering  can  be  hung  from  above 
with  considerable  advantage,  inasmuch  as  it  leaves  the  story  below  unobstructed  by  shores  or  props.  For  the  long, 
span  arch  the  support  from  below  provides  the  more  feasible  method. 

39.  Forms  for  Concrete.' — In  the  design  of  forms,  centers,  and  other  false  work,  careful 
consideration  should  be  given  to  the  probable  methods  of  removal — that  is,  the  design  should 
be  such  that  the  forms  can  be  taken  down  with  a  minimum  of  effort  and  with  the  least  possible 
damage  to  the  parts  involved.  This  will  be  better  realized  when  it  is  understood  that  over 
half  the  exi)ense  of  concrete  construction  is  made  up  in  form  costs  plus  the  labor  of  removal. 
As  a  consequence,  any  labor  economy  of  this  nature  that  can  be  incorporated  in  the  design  will 
be  found  to  multiply  itself  throughout  the  building,  since  the  forms,  through  easy  handling, 
are  capable  of  being  re-used.  If  satisfactory  results  are  to  be  obtained,  careful  attention 
should  be  given  to  the  kind  and  type  of  lumber  to  be  employed,  to  the  arrangement  of  joints 
at  internal  angles  where  one  section  abuts  another,  to  the  adjustment  of  supports  and  props 
so  as  to  permit  of  early  and  partial  stripping,  to  the  application  of  form  oil  or  other  coating 
to  the  inside  of  forms  before  using,  to  the  cure  of  that  ever  prevalent  abuse  of  unnecessary 
nailing,  and  to  the  limited  use  of  camber  in  girder  and  beam  forms.  On  buildings  of  multiple 
stories,  where  forms  are  used  on  an  average  of  three  or  four  times,  it  can  be  safely  assumed 
that,  if  the  above  precautions  are  taken  to  make  possible  such  re-use,  then  all  the  initial  re- 
quirements as  to  stability  and  tightness  will  likewise  have  been  covered. 

The  knowledge  and  experience  of  the  builder  will  generally  enable  him  to  select  proper  sixes  of  lumber  and 
supports  without  resort  to  special  calculations.  If  in  doubt,  however,  reference  can  be  had  to  the  many  tables  which 
have  been  prepared  on  the  subject,  and  which  are  available  for  all  conditions  usually  to  be  met  with.  Methods  by 
which  the  concrete  will  be  transferred  to  the  forms  should  be  considered,  and  sufficient  bracing  be  provided  to 
compensate  for  undue  loads  from  that  source.  Horizontal  members  should  be  able  to  support  the  weight  of  con- 
crete and  the  construction  load.  Vertical  members  must  resist  a  hydrostatic  pressure  of  about  145  lb.  for  each  ver- 
tical foot  of  height. 

On  all  typ9e  of  concrete  arches  between  steel  beams,  it  is  highly  desirable  to  keep  the  runway  plank  and  work- 
men oflF  the  centers  or  xMinels  as  much  as  possible.  The  location  of  runway  plank  should  be  determined  in  advance, 
and  proper  supports  provided  that  will  not  interfere  with  reinforcement  and  other  items  entering  into  the 
construction. 

On  all  operations  of  importance — and  it  is  hard  to  conceive  any  items  of  structural  concrete  which  would  not 
classify  as  such — a  careful  and  well  organised  system  of  inspection  should  be  provided  that  shall  remain  in  force 
from  the  time  the  forms  are  started  until  their  final  removal  from  the  building.  Such  service  is  a  necessary  i>art  of 
the  contractor's  organisation,  even  though  supplemented  by  the  owner  or  designing  engineer.  Individual  in- 
spectors should  be  carefully  instructed  as  to  their  respective  duties,  and  a  comprehensive  system  of  daily  reports 
installed  to  insure  their  adherence  thereto. 

The  quality  of  dry  materials,  the  method  of  storage,  the  handling  and  proportioning  of  the  materials,  the  erec- 
tion and  thorough  cleaning  of  forms  before  filling,  the  operation  of  pouring,  the  watching  against  possible  settle- 
ments or  distortions  of  forms  during  that  period,  the  care  of  concrete  surfaces  while  undergoing  the  setting  process, 
as  well  as  the  proper  length  of  time  to  intervene  before  stripping,  are  all  matters  of  too  vital  importance  to  impose 
upon  the  unsupported  judgment  of  the  construction  foreman.  He,  as  a  rule,  is  too  engrossed  with  the  question  of 
speed  and  initial  cost  to  make  possible  an  appraisal  of  such  items  at  their  true  value. 

39o.  Lumber  Forms. — Spruce  and  pine,  either  Norway  or  Southei  n,  are  the  lum- 
bers most  generally  used  for  form  work,  partially  seasoned  wood  being  the  best.  Hemlock 
is  not  desirable  for  forms  owing  to  its  inability  to  weather  while  standing  exposed.  For  all 
surfaces  where  the  concrete  is  to  be  later  exposed,  dressed  lumber  should  be  used.  For  flat 
surfaces,  such  as  wall  or  floor  panels,  shiplap  is  preferable,  although  tongue-and-groove  is  satis- 
factory, and  even  square  edge  may  be  used  if  precaution  is  taken  to  provide  suflicient  support- 
ing members  to  prevent  buckling  of  the  individual  boards.     For  columns  and  girder  bottoms, 

>  For  a  complete  treatment  of  "Forms"  including  their  design,  see  Hool  and  Johnson's  "Concrete  Engineers' 
Handbook,"  pp.  93  to  137. 
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2r\sL,  stock,  and  for  floor  panels  and  beam  and  girder  sides,  1-in.  stock  may  be  used;  while 
footings  may  take  either  1-in.  or  2-in.  stock,  depending  upon  local  conditions.  The  use  of 
uprights  of  3  X  4  in.  or  4  X  4  in.,  spaced  from  3  to  6  ft.  apart,  is  the  usual  practice. 

896.  Finish  of  Forms. — All  interior  surfaces  of  forms  should  be  dressed  true  to 
give  good  surfaces  to  the  casting,  free  from  joint  and  other  marks.  On  exposed  work,  all 
sharp  comers  should  be  bevelled  by  inserting  small  triangular  strips  in  the  forms.  After 
forms  have  been  erected,  ice  and  snow  should  not  be  allowed  to  collect  therein,  and,  if  so, 
such  accumulations  should  be  removed  before  concrete  is  deposited.  If  forms  are  allowed 
to  stand  for  any  considerable  period  before  filling,  shrinkage  cracks  will  have  to  be  taken 
up  and  all  supporting  timbers  and  braces  gone  over  and  tightened  before  pouring  is  resumed 

To  give  specially  smooth  surfaces  and  to  prevent  the  production  of  grain  in  the  concrete  surface,  as  well  as  to 
permit  easy  removal  of  forms,  the  interior  surfaces  may  be  coated  with  soft  soap,  or  with  form  oil,  which  is  crude, 
or  other  heavy  mineral  oil. 

39c.  Removal  of  Forms.~r-The  elapsed  time  within  which  forms  may  be  re- 
moved with  safety,  is  not  entirely  a  matter  of  individual  judgment.  The  normal  process 
through  which  setting  concrete  passes  is  such  that,  with  the  standard  proportions  and  mixes 
now  universally  used,  a  minimum  period  is  definitely  established,  below  which  the  forms  can 
not  be  disturbed  without  permanent  impairment  of  the  work.  This  minimum,  under  most 
favorable  weather  conditions,  can  be  assumed  at  5  days  for  vertical  compression  members, 
such  as  columns  and  walk,  and  from  7  to  10  days  for  such  other  members  as  are  subject  to 
bending  stresses.  From  this  up  to  the  maximum  period,  the  elapsed  time  should  increase  in 
widening  ratio,  depending  upon  the  departure  from  normal  of  the  three  following  factors: 
(1)  the  consistency  of  the  original  mix;  (2)  the  temperature  encountered  in  the  first  7  dasrs; 
and  (3)  the  atmospheric  conditions  in  the  same  period,  with  particular  reference  as  to  its 
humidity.     Short  of  freezing  weather,  the  maximum  period  should  not  exceed  21  days. 

Before  striking  any  set  of  centers,  inspection  of  the  work  should  be  made,  and  its  soundness  determined  by  tap- 
pi2kg  with  some  heavy  object,  the  resultant  ring  indicating  the  degree  of  hardness  then  obtaining.  Care  should  be 
taken  not  to  mistake  frosen  concrete  for  that  which  has  set;  and  for  this  purpose  the  sjrstem  of  daily  reports  hereto- 
fore mentioned  should  be  referred  to. 

The  successful  removal  of  forms  is  an  operation  requiring  considerable  skill,  and  unless  carefully  watched  will 
undoubtedly  be  responsible  for  many  unsuspected  drains  upon  the  pasrroll,  to  say  nothing  of  the  lumber  pile. 
The  foreman  or  superintendent  who  will  personally  supervise  the  striking  of  a  set  of  difficult  forms  will  never  there- 
after be  caught  with  a  poor  design,  or  permit  careless  and  faulty  work  in  the  erection. 

Forms  for  circular  columns  and  for  flaring  column  heads,  are  quite  generally  of  steel.  Steel  forms  for  floor  and 
waD  forms  are  also  coming  into  extended  use.  They  are  made  sectionally  and  in  eztensionable  units  to  provide 
easy  >i*»*^n«g  and  adaptability  to  varying  constructions.  Steel  forms  give  a  full,  smooth  finish  to  the  concrete  sur- 
face, and  have  a  high  salvage  value. 

40.  Bending  and  Placing  Reinforcement' — Steel  should  be  checked,  assorted,  and  stored 
as  soon  as  it  is  delivered  at  the  site.  It  should  be  blocked  up  free  from  the  ground,  and  should 
be  stored  in  such  a  manner  that  those  rods  need^  first  may  be  easily  reached. 

In  localities  where  trade  custom  permits,  the  bending  of  reinforcement  can  quite  often  be 
done  more  economically  at  the  mill  than  at  the  building  site.  Where  this  is  not  the  case,  suit- 
able equipment,  in  the  way  of  bending  machines,  many  varieties  of  which  are  now  on  the  market, 
should  be  provided,  and  will  be  foimd  a  good  investment,  particularly  if  the  tonnage  is  heavy 
and  the  bends  are  complicated.  For  light  tonnage  and  simple  bends,  a  very  satisfactory 
makeshift  can  be  devised  on  a  home-made  bench  with  the  aid  of  dowels  or  pins  adjustable  in 
position  to  suit  the  var3ang  templates,  and  a  piece  of  pipe  to  act  as  lever  in  applying  the  neces- 
sary bending  force. 

All  ordinary  bending  is  done  cold.  Only  when  working  in  sises  1>^  in.  and  over  will  heat  be  required,  and  then 
only  to  a  low  degree.  The  bending  force  should  be  applied  gradually,  as  a  jerk  is  liable  to  snap  or  break  the  bars, 
particularly  in  the  high  grade  and  rerolled  steels. 

It  will  be  found  advisable  to  so  arrange  that  all  rods  of  the  same  sise  and  shape  are  bent  at  one  time,  so  as  to 
avoid  the  resetting  of  templates. 

^  See  also  Sect.  6,  Art.  13;  for  more  complete  treatment  see  Hool  and  Johnson's,  "  Concrete  Engineers*  Hand- 
book." pp.  139  to  146. 
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In  the  pUoing  of  reinforcement,  the  importance  of  a  thorough  supervision  and  inspection  cannot  be  too  greatly 
enlarged  upon.  Whether  it  be  in  the  shape  of  rods,  spirab,  stirrups,  fabric,  or  lath,  the  accurate  placement  and 
adjustment  to  position,  so  that  it  may  not  be  displaced  during  subsequent  operations,  are  details  deserving  of  the 
closest  attention.  Not  only  is  the  safety  of  the  work  involved,  but  through  the  application  of  systematic  principles, 
improved  costs  will  likewise  be  found  to  result.  For  the  proper  spacing  and  support  of  reinforoement  in  the  forms, 
many  ingenious  devices,  such  as  chairs,  dips,  and  spacers  have  been  perfected  and  their  use  can  often  be  recom- 
mended. 

Steel  should  be  thoroughly  cleaned  before  being  placed  in  the  forms,  in  order  to  obtain  a  positive  adhesion  of 
the  concrete  to  the  steel.  A  slight  film  of  rod  rust  is  not  objectionable,  but  no  rod  should  be  set  in  place  on  which 
rust  scales  have  formed. 

The  fabrication  of  beam  and  girder  reinforcement  into  units  before  placing,  similar  to  that  followed  for  columns, 
will,  in  many  instances,  work  out  to  advantage  both  in  time  and  money. 

After  reinforcement  has  been  placed,  and  just  before  pouring,  a  thorough  inspection  should  be  made  to  deter- 
mine whether  all  metal  required  by  the  plans  has  been  supplied,  that  the  forms  are  dean,  and  that  all  inserts, 
hangers,  pipes,  and  other  auxiliaries  are  in  their  proper  position.  On  combination  arches,  filler  tile,  if  broken,  should 
be  replaced,  and  the  tile  which  have  been  disturbed  again  brought  into  alignment.  In  extremely  dry  and  hot  wea- 
ther, a  drenching  of  forms  with  water  just  before  the  concrete  is  deposited,  will  prevent  excessive  absorption  and 
consequent  robbing  of  water  from  the  concrete  mix. 

41.  Handling  and  Storage  of  Concrete  Materials. — Satisfactory  construction  in  concrete 
cannot  be  obtained  if  slipshod  methods  are  allowed  to  dominate  the  field  practice.  While 
the  quality  and  selection  of  materials  entering  into  the  work  are  generally  determined  by  the 
purchasing  or  contract  departments,  the  burden  of  final  responsibility  always  rests  with  the 
field  organization,  who  by  the  acceptance  of  inferior  materials,  may  entirely  defeat  the  promises 
of  the  most  carefully  prepared  designs.  Not  only  is  the  quality  of  the  various  materials  to  be 
watched,  but  the  method  of  job  handling  and  storage  should  be  so  worked  out  that  no  opportu- 
nity for  their  deterioration  is  permitted  after  delivery  and  before  actual  use. 

In  this  respect,  dififerent  operations  require  different  treatment.  On  some,  it  may  be  quite 
sufficient  to  rely  on  daily  deliveries  of  the  stone,  sand,  and  cement  required.  On  others,  where 
delivery  facilities  cannot  be  so  well  depended  upon,  a  stock  reserve  will  have  to  be  provided. 
This  may  be  either  ground  storage  with  planks  beneath  to  prevent  contamination  from  earth 
and  other  foreign  matter,  or  it  may  take  the  shape  of  bins,  should  the  storage  involved  be  suffi- 
cient to  warrant  their  construction.  On  large  operations,  where  concreting  is  proceeding  more 
or  less  continuously,  the  use  of  hoppers  or  bins  becomes  almost  mandatory,  and  this  is 
particularly  true  where  a  direct  rail  dehvery  of  materials  is  had  to  the  job.  For  filling  such 
bins,  use  is  made  of  either  the  continuous  bucket  conveyor,  skip  buckets  operated  by  a  hoist 
cable,  or  the  clam-shell  type  of  grab  bucket,  the  latter  being  the  more  flexible  arrangement  if 
the  equipment  is  available  and  if  also  there  is  space  within  which  to  operate.  If  storage  bins 
can  be  set  up  so  as  to  feed  direct  to  the  mixer,  a  second  handling  and  considerable  labor  will  be 
saved. 

Remembering  that  the  useful  performance  of  cement  is  brought  about  through  its  chemical  union  with  water 
during  the  mixing  with  other  materials,  it  follows  that  storage  of  cement,  whether  in  bags  or  bulk,  should  be  in  dry, 
air-tight  storage  rooms.  Cement  is  avid  for  water  at  all  times,  and  exposure  to  dampness  in  any  degree  before  use 
proportionately  lessens  its  ability  when  called  upon  to  give  useful  service.  Cement  may  be  delivered  in  bags,  bar- 
rels, or  bulk.  The  latter  method  has  many  advocates,  and  when  its  use  is  permitted,  the  greatly  lessened  labor  cost 
of  handling  will  usually  compensate  for  any  risks  taken  in  shipment.  For  bagged  cement,  gravity  unloaders  lead- 
ing from  the  car  or  truck  to  the  warehouse  floor  can  be  used  to  advantage.  Individual  shipments  of  cement  should 
not  be  allowed  to  collect  and  remain  for  extended  periods  in  job  storage.  Even  at  the  expense  of  extra  labor,  if 
that  be  necessary,  the  older  cement  should  be  identified  and  worked  up  at  frequent  intervals. 

The  important  relation  which  exists  between  the  value  of  the  empty  cement  container  and  that  commodity 
itself  is  quite  often  underestimated  by  even  those  who  should  be  the  most  interested.  "With  cloth  sacks  carrying 
a  reclaim  value  of  15c.  each,  it  can  be  seen  that  from  20  to  25  %  of  the  initial  cost  per  barrel  is  made  up  in  this  one 
item,  and,  as  a  consequence,  any  unaccounted  for  or  damaged  bags  can  produce  a  very  marked  effect  on  the  cost 
unite.  One  prolific  source  of  loss  comes  through  the  original  acceptance  from  the  dealer  of  damaged  or  unsound 
bags,  and  a  rigid  inspection  at  time  of  delivery  should  be  instituted  to  guard  against  such  practice.  Empty  cement 
bags  should  be  collected  daily  from  each  mixer,  and  suitably  protected  from  the  weather  and  against  pilfering  until 
they  can  be  counted  and  bundled  for  return  to  the  manufacturer. 

The  informal  use  of  bags  by  workmen  for  protective  coverings,  foot  wear,  aprons,  tool  bags,  etc.,  should  at  all 
times  be  prohibited. 

Before  bundling,  each  bag  should  be  shaken  in  order  to  reclaim  as  much  loose  cement  as  possible.  It  has  been 
estimated  that  the  average  waste  per  bag  is  ^4  lb.  from  this  source  alone.  Mechanical  bag  shakers  have  been  de- 
vised for  this  purpose,  and  are  being  successfully  used  on  many  operations. 


^-w        „ 
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42,  Measurement  of  Materials. — In  the  proportioning  and  measurement  of  the  several 
ingredients  entering  into  concrete,  long  and  continued  custom  has  developed  certain  general 
methods  which,  while  they  do  not  by  any  means  approach  laboratory  practice,  at  least,  when 
handled  with  judgment,  provide  a  certain  amount  of  consistency  of  practice  against  the  faults 
of  which  the  designing  engineer  can  and  does  guard  by  the  selection  of  proper  safety  factors. 

It  18  therefore  eesential  that  when  1-2-4  or  1-3-5  mix  ia  speoified,  that  the  workmen  and  thoee  in  charge  under- 
stand and  can  place  the  proper  trade  interpretation  on  the  requirements.  Ordinarily,  a  barrow  of  atone  or  sand 
used  for  charging  purposes,  is  taken  at  2  ou.  ft.,  while  the  commercial  bag  of  cement  is  considered  as  haying  a 
content  of  1  cu.  ft. 

48.  Mixing  Concrete. — Mechanical  mixers  are  now  procurable  in  such  sizes  that  any  of 
the  standard  mixes  can  be  run  through  at  full  batch  capacity  without  resorting  to  split  bags 
of  cement.  Water  should  be  introduced  only  in  measured  quantities.  Clean  water  only  should 
be  used,  and  having  once  found  the  quantity  per  batch  required  for  the  desired  consistency, 
that  amount  only  should  be  used  for  all  subsequent  batches  that  are  formed  from  the  same 
aggregate. 

A  daily  count  of  all  batches  tiirned  out  by  any  one  mixer  should  be  kept  by  the  workman,  against  which  can 
be  checked  its  total  consumption  of  cement.  If  followed  up  consistently  this  will  aid  in  detecting  any  departure 
from  the  uniform  mix.  Mechanical  mixers  are  now  built  in  so  many  diflferent  sises  that  one  will  be  found  suitable 
for  even  the  smallest  of  operations.  As  a  result,  hand-mixed  concrete  in  these  days  has  almost  entirely  disappeared 
from  building  construction  practice. 

44.  Transporting  Concrete. — The  safe  and  economical  transportation  of  concrete  from  the 
mixer  to  the  forms  is  a  subject  always  to  be  accorded  the  most  careful  consideration — ^not  that 
the  proven  methods  are  innumerable,  or  in  themselves  greatly  at  variance,  but  so  that  the  par- 
ticular concrete  operation  under  study  is  viewed  in  the  proper  relation  which  it  bears  to  the 
structure  as  a  whole.  If  it  dominates,  then  the  mixing  plant  and  transportation  system  will 
be  given  the  first  consideration  and  all  other  facilities  are  made  subordinate  thereto.  On  the 
other  hand,  if  this  particular  placement  of  concrete  is  not  the  controlling  trade,  then  that 
arrangement  will  be  chosen  which  best  lends  itself  to  the  general  scheme  of  material  trans- 
portation, all  trades  being  considered. 

Some  elementary  principles  upon  which  the  ideal  transportation  system  should  be  based,  have  been  summed 
up  briefly  by  one  eminent  authority  as  follows:  (1)  that  the  time  interval  elapsed  between  reception  of  concrete  and 
its  delivery  to  forms  wUl  not  cause  it  to  dry,  or  to  take  initial  set;  (2)  that  the  system  shall  be  tight,  so  that  the  more 
fluid  portions  may  not  be  lost  in  transit;  (3)  that  the  mode  of  transit  shall  not  permit  a  separation  of  ingredients; 
(4)  that  the  delivery  shall  be  approximately  continuous,  so  that  mixtures  of  varying  composition  may  not  be  caused 
by  stoppage  and  settling;  (5)  that  it  shall  be  efficient,  rapid,  and  economical.  In  this  summary,  the  order  of  im- 
portance is  such  as  to  emphasise  quality  of  product  delivered,  as  well  as  cheapness.  With  the  foregoing  in  mind, 
the  proper  selection  of  the  system,  be  it  hand  propulsion,  vertical  hoist,  gravity,  or  a  combination  of  the  three, 
must  be  left  to  that  individual  best  conversant  with  the  situation,  and  responsible  for  results. 

46.  Placing  of  Concrete. — Hardly  less  important  than  the  transportation  of  concrete  is  its 
placement  in  the  forms.  The  placement  should  be  such  as  not  to  permit  the  separation  of  the 
concrete  into  its  component  parts,  as  would  occur  if  it  were  deposited  continuously  in  one  spot. 
Beams  and  slabs  should  be  filled  to  the  top  in  one  continuous  operation.  When  interruption 
to  the  work  occurs,  such  as  the  end  of  the  day's  shift,  stoppage  should  be  made  only  at  prede- 
termined points  where  the  security  and  safety  of  the  work  will  not  be  affected.  The  general 
practice  on  floor  slabs  and  beams  is  to  make  this  at  the  center  of  the  span  with  the  stopping 
plane  perpendicular  and  at  right  angles  to  same.  Columns  should  be  poured  complete  to  the 
bottom  of  beams  or  girders  in  one  operation,  and  then  allowed  to  set  before  proceeding  with  the 
floor  construction.  When  new  concrete  is  deposited  on  old,  special  precaution  must  be  taken 
to  secure  proper  union. 

While  filling  forms  with  concrete,  too  much  attention  cannot  be  given  to  the  spading  required  if  good  work- 
manship is  to  be  obtained.  This  action  not  only  carries  the  heavier  materials  away  from  the  face  of  the  forms  and 
so  produces  a  denser  and  smoother  surface,  but  it  also  eliminates  to  a  large  degree  the  air  bubbles  which  otherwise 
form  and  if  not  removed  account  in  part  for  porous  work.  The  tapping  of  forms  on  the  outside  while  concrete  is 
being  deposited  is  Ukewise  beneficial  in  producing  stronger  work. 

Concrete  drippings  from  the  runways,  as  well  as  any  other  material  that  has  taken  on  the  ^initial  set,  must  not 
be  mixed  with  the  good,  but  should  be  rejected  and  removed  from  the  building.    At  the  dose  of  a  day's  work,  all 


822  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  5-46a 

mizen,  buckets,  spouts,  buggies,  runways,  etc.,  should  be  thoroughly  cleaned  and  flushed  out  with  dean  water. 
Particular  attention  should  be  given  to  mixers,  and  all  accumulations  of  drippings  removed  while  yet  in  a  fdastie 
state. 

46a.  Bondiog  New  Concrete  to  Old. — True  union  between  new  and  old  concrete 
is  difficult  to  secure.  This  difficulty  increases  as  the  water  content  of  concrete  is  increased, 
both  by  tending  to  produce  a  film  or  layer  of  fluffy  laitance  at  the  top  of  the  concrete  first  poured 
and  also  by  diluting  the  cementing  solutions  in  the  new  concrete,  which  solutions  furnish  the 
attaching  or  bonding  means  by  contacting  with  and  entering  into  the  old  or  set  material. 

Customary  recommendations  are:  (1)  To  roughen  the  old  surface,  (2)  to  thoroughly  wet  it,  and  (3)  to  coat  it 
with  a  paste  of  neat  cement,  well  rubbed  in,  before  pouring  the  new  concrete.  These  have  a  sound  basis,  except: 
(1)  that  the  depth  of  roughening  or  removing  old  material  should  be  so  specified  as  to  give  assurance  that  clean, 
sound  material,  without  dirt  or  laitance  will  be  exposed;  and  (2)  that  the  surface  should  be  dry,  not  wet  at  the  time 
the  cement  wash  is  applied,  as  wetting  fills  the  pores  in  the  set  material  with  a  fluid  unchanged  by  cementing  prod- 
uots  and  makes  weak  the  cementing  solutions  directly  at  the  plane  of  contact  where  they  should  be  strongest  for 
the  result  desired. 

46.  Finishing  Concrete  Surfaces. — Exposed  surfaces  of  concrete  require  different  treat: 
ments  according:  (1)  to  the  excellence  of  their  materials  and  workmanship,  and  (2)  to  their 
exposure  and  the  character  of  their  service. 

The  first  of  these  is,  as  always,  of  chief  importance.  Thoroughly  first-grade  concrete,  well 
placed  and  true  to  line,  needs  little  or  no  finishing  after  it  has  set,  except  where  architectural 
reasons  require  some  special  finish,  such  as,  a  matt,  bush  hammered,  re-cut,  or  exposed 
aggregate  finish.  Inferior  or  careless  work,  on  the  other  hand,  necessitates  long  and  arduous 
labor  to  make  it  presentable  and  useful. 

46a.  Removing  Form  Marks. — Careless  building  or  bracing  of  forms  always 
leaves  a  multitude  of  fins,  edges,  and  blemishes.  Fins  may  be  readily  removed  by  hand  labor 
with  hammer  and  chisel.  Edges  may  be  removed  in  like  manner,  but  only  with  patient  and 
careful  labor.  Blemishes,  such  as  wood-graining,  etc.,  can  either  be  ground  off,  or  can  be 
effectively  concealed  by  brushing  with  a  wash  of  neat  cement  in  water.  Blemishes  left  by 
cutting  off  tie  wire  may  be  concealed  by  painting  carefully  with  cement  mortar  before  the  ce- 
ment wash  is  applied. 

46&.  Repairing  Surface  Honeycomb. — Honeycomb  is  commonly  viewed  with 
lenience,  but  it  is  one  of  the  surest  evidences  of  poor  workmanship  in  placing  concrete.  Accord- 
ing to  its  location  and  the  character  of  materials  used  in  the  concrete,  it  may  or  may  not  indicate 
a  serious  weakness.  If  strength  is  not  impaired  by  its  extent  and  presence,  it  may  be  concealed 
more  or  less  permanently  by  painting  or  plastering  over  with  cement-sand  mortar,  with  a  final 
cement. wash  to  blend  it  into  adjacent  material.  Such  methods  are,  however,  apologies  at 
best.    Honeycomb  should  properly  be  cut  out  and  replaced  with  sound  concrete. 

46c.  Grinding  Concrete  Surfaces. — Wlien  concrete  is  moist  and  green,  it  is  treated 
more  easily  than  when  dry  and  hard.  Grinding  of  green  surfaces  may  be  readily  done  either 
by  hand  labor,  using  carborundum  bricks,  or  by  electric  machines  marketed  for  these  purposes. 
Grinding  makes  a  very  effective  finish  where  the  cost  is  not  prohibitive. 

46<f.  Grinding  Concrete  Floor  Surfaces. — Where  "dusting,"  or  other  surface  de- 
fects are  found  in  concrete  floors,  grinding  off  from  K  6  to  3^  in-  is  the  surest  and  most  effective 
remedial  means.  The  dusting  of  concrete  floors  is  usually  caused  by  the  use  of  excess  water 
in  the  making  of  the  concrete,  or  else  by  excessive  ramming  or  floating.  Removal  of  the  loose- 
textured  surface  in  such  cases  is  necessary  for  lasting  relief.  Grinding  machines,  usually 
electrically  driven,  perform  the  work  quite  eflficiently,  though  the  process  is  tedious  at  best. 
Temporary  relief  may  be  had  from  chemical  "hardeners"  marketed  under  various  trade  names. 

46«.  Special  Surface  Finishes. — Tool-cut  surfaces  may  be  obtained  in  the  usual 
way  where  cost  is  not  prohibitive.  Stippled  surfaces,  or  exposed-aggregate  surfaces  may  be 
obtained  by  wire-brushing  the  concrete  when  green,  or  by  acid  washes,  or  by  both.  The  effects 
obtained  can  be  greatly  varied  by  the  selection  of  various  colors  of  aggregates  and  the  means  of 
treatment  adopted.^ 

1  See  "Concrete  Engineers'  Handbook"  by  Hool  and  Johnson  for  detailed  treatment. 
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47.  Concreting  in  Hot  and  Cold  Weather. — ^During  hot  weather,  excessive  evaporation  is 
liable  to  dry  out  the  concrete  before  the  cement  has  had  a  chance  to  set.  The  usual  procedure 
under  such  conditions  is  to  keep  the  work  moistened  and  protected  against  the  direct  rays  of  the 
sun  by  a  covering  of  some  sort,  such  as  sawdust  or  canvas. 

In  cold  weather,  even  before  the  actual  freezing  point  has  been  reached,  it  is  customary  to 
take  special  precautions.  The  day's  work  should  not  be  started  until  there  are  indications  that 
there  will  not  be  a  sudden  or  decided  drop  in  temperature,  and  the  work  should  be  suspended 
sufficiently  early  in  the  day  to  permit  of  proper  protection  from  the  cold  nights  and  possible 
frost.  This  can  be  obtained  by  spreading  out  a  coating  of  straw,  canvas,  or  even  qand  and  cin- 
deiB,  if  they  are  being  used  on  the  work.  When  work  has  to  be  carried  on  below  the  freezing 
point,  and  20  deg.  is  about  the  limit,  artificial  heat  will  have  to  be  supplied  by  means  of  coke  or 
coal  fires  in  salamanders,  the  heat  thus  produced  being  confined  within  the  building  by  a  liberal 
use  of  canvas,  or  other  protection  around  the  exterior  at  the  level  at  which  the  work  is  being 
carried  on. 

When  working  under  extreme  conditions  of  thia  nature,  the  preheating  of  water  and  aggregate  will  be  found 
necessary  in  order  that  the  concrete  shall  not  freese  before  it  reaches  the  forms.  Steam  coils  or  live  steam  is  the 
usual  method  of  providing  the  heated  water.  Sand  and  stone  if  received  at  the  job  in  a  frosen  condition,  must  be 
thawed  out  before  being  placed  in  the  mixer.  A  wood  fire  within  a  metal  drum  or  old  section  of  smoke  stack,  and 
around  which  are  piled  the  frosen  lumps,  is  perhaps  the  most  satisfactory  method.  Steam  jets  are  helpful  in  work- 
ing out  frosen  oar  loads  or  piles  of  sand  and  stone. 

48*  Floor  Arch  Systems. — Most  floor  arch  systems  are  called  upon  to  provide  concealment 
for  horizontal  pipe  runs,  conduits,  etc.  In  concrete  construction  these  pipes  are  often  embed- 
ded in  the  arch  itself.  In  tile  construction,  they  must  be  run  in  a  fill,  generally  of  cinder  concrete 
laid  on  top  of  the  arch  for  that  purpose.  If  the  former  S3rstem  is  being  used,  then  the  electrician, 
plumber,  and  any  other  pipe  trade,  whose  lines  may  be  involved,  should  be  on  the  building 
with  materials  and  full  information,  so  as  to  install  his  work  directly  the  centers  have  been 
erected.  If  the  second  method  is  being  used,  then  the  lines  will  not  be  required  and  should 
not  be  laid  until  means  are  provided  to  protect  them  with  the  concrete  fill.  On  concrete  arches 
where  the  upper  surface  provides  also  the  floor  finish,  it  is  customary  to  complete  the  trowel 
or  fioat  finish  at  the  time  the  arches  are  poured.  When  the  cinder  fill  intervenes,  the  finish 
being  cement  or  hard  wood  or  strips,  the  arch  only  is  installed  at  this  time,  leaving  the  balance 
of  the  work  to  be  followed  up  by  succeeding  trades  and  at  a  later  date. 

Whether  this  floor  fill  should  be  placed  before  or  after  the  ceilings  are  plastered,  is  dependent  upon  individual 
oonditions.  If  the  work  is  being  done  in  winter  weather,  it  is  preferable  to  lay  the  floor  fill  first,  thus  obviating  any 
possible  damage  to  plaster  ceilings  below  through  dampness  and  freesing.  In  summer  work  this  element  is  not 
present  and  if  due  precaution  is  taken  not  to  permit  the  tamping  of  the  fill  into  place  to  break  the  plaster  bond  b»* 
low,  then  the  plastering  should  be  completed  first. 

Another  consideration  which  sometimes  holds  the  determining  value,  if  viewed  from  the  standpoint  of  econ- 
omy, lies  in  the  sise  <^  the  various  rooms  in  which  the  floor  is  to  be  divided.  If  the  spaces  are  small  and  badly  cut 
up,  then  it  will  be  found  much  cheaper  to  lay  the  fill  and  finish  as  a  loft  floor  holding  back  the  dividing  partitions 
and  plastering  for  the  next  operation. 

In  the  construction  of  floor  systems  each  level  should  be  completed  in  itself  as  far  as  possible  before  proceeding 
to  the  next,  only  such  open  spaces  being  left  behind  as  are  absolutely  unavoidable.  If  the  lower  stories  are  to  be 
devoted  to  construction  drivewasrs  and  to  temporary  storage  of  materials,  the  arches  should  be  first  installed  and 
then  planked  for  protection.  It  is  not  advisable  to  plank  first  and  depend  upon  getting  the  arches  in  at  a  later  and 
more  convenient  date.  That  time  will  never  come  and  will  only  result  in  throwing  the  entire  building  out  of  se- 
quenoe  and  step.     The  same  holds  true  as  well  for  upper  levels. 

Floor  finishes  of  wood,  cork,  rubber,  linoleum,  eta,  should  never  be  laid  until  all  danger  of  dampness  from 
plaster  or  floor  fill  has  been  eliminated.  A  small  piece  of  roofing  felt  or  building  paper  laid  upon  the  floor  fill  and 
aesled  against  the  action  of  the  air  with  a  non-absorbent  material,  will  upon  inspection  a  few  days  later  disclose 
the  amount  of  dampness  then  prevalent  in  the  building.  This  is  a  simple  test  and  should  be  made  use  of  before 
proceeding  to  install  expensive  floor  finishes. 
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CONSTRUCTION  IN  WOOD 

By  Henrt  D.  Dewell 

Many  of  the  features  of  the  contractor's  plant  for  the  construction  of  a  timber-framed 
building  will  be  the  same  as  for  the  erection  of  a  building  with  steel  or  reinforced  concrete 
frame.  For  example,  it  should  be  obvious  that  in  all  construction  jobs  there  should  be  an 
orderly  arrangement  of  plant  with  proper  facilities  for  receiving,  checking,  and  storing  material, 
also  for  delivering  the  material  from  the  general  storage  yard  to  the  various  points  of  fabrication. 
The  detail  method  for  accomplishing  this  work  will  depend  largely  upon  the  size  and  character 
of  the  building.  Further,  it  is  hardly  necessary  to  state  that  some  simple  method  should  be 
put  in  force  for  keeping  the  cost  of  the  various  parts  of  the  work.  These  remarks  may  appear 
to  be  commonplace.  Unfortunately,  there  is  a  tendency,  when  dealing  in  timber  construction, 
to  be  careless  in  both  arrangement  and  character  of  work. 

49,  Storage  of  Material. — In  the  case  of  a  concrete  building,  since  the  lumber  for  forms 
is  only  used  temporarily,  no  particular  provision  for  preventing  incipient  decay  or  rot  need 
ordinarily  be  taken.  On  the  other  hand,  for  permanent  timber  construction,  all  lumber 
when  received  on  the  job,  should  be  immediately  protected  from  the  weather  and  also  from 
contact  with  the  ground.  Timber  when  in  contact  with  the  ground' may  soon  become  infected, 
with  the  result  that  disease  will  start  and  may  continue  after  incorporation  of  the  timber 
with  the  building,  if  conditions  are  favorable  to  growth  of  fungi. 

All  lumber  should  be  segregated  into  the  various  sises  and  lengths,  and  carefully  piled  on  firm  level  foundations 
with  supports  at  intervals  not  exceeding  4  ft.  If  unseasoned,  the  lumber  should  be  "stuck, "  i.e.,  the  pieces  in  any 
one  layer  separated  by  a  1-  or  2-in.  air  space,  and  each  layer  separated  from  the  upper  and  lower  layers  by  means  of 
1-in.  cleats.  In  "sticking,"  care  must  be  exercised  to  see  that  the  "sticks'*  or  cleats  are  placed  directly  over  the 
foundation  sills  throughout  the  pUe;  otherwise,  the  timbers  will  be  warped.  Finally,  a  temporary  roof  should  be 
constructed  over  each  pile,  the  roof  projecting  a  foot  or  two  over  the  sides  and  ends  of  the  pile.  The  best  lumber 
can  easily  be  ruined  by  careless  piling  and  exposure  to  sun  and  rain,  and  any  warping  results  in  increased  cost  of 
framing. 

All  iron  work,  such  as  tniss  rods,  castings,  washers,  plates,  etc.,  should  be  arranged  in -neat  piles  and  plainly 
labelled.  Bolts  should  be  segregated  into  the  various  diameters  and  lengths  and  placed  in  a  bolt  rack,  with  each 
sise  and  length  numbered. 

50,  Working  Details. — Working  or  field  details  should  be  provided  for  all  timber  construct- 
ion. This  statement  applies  particularly  to  those  buildings  involving  roof  truss  construction. 
Very  few  plans  for  timber-framed  buildings  give  full  and  sufficient  details  of  all  connections. 
This  practice  results,  in  part  at  least,  from  the  common  procedure  in  the  preparation  of  plans 
for  steel-framed  buildings,  where  the  designer  prepares  only  "contract  plans"  and  relies  upon 
the  contractor  to  furnish  "shop  details"  for  approval.  When  such  a  designer  has  a  timber- 
framed  building,  he  works  along  the  same  lines,  preparing,  as  usual,  the  "contract  plans," 
and  the  "shop  details,"  if  any,  are  comprised  in  the  contractor's  drawings  of  the  incidental 
steel  work. 

Time  and  money  will  be  saved  in  all  timber-framed  construction,  except  the  very  smallest  and  simplest,  if  full 
working  details  are  prepared.  These  details  should  include  an  erection  plan,  details  of  all  joints,  cutting  lengths 
of  all  timbers,  details  of  all  metal  work,  lengths  and  diameters  of  rods  and  bolts,  etc.  Letters  and  numbers  should 
be  placed  on  the  plans  for  all  members,  and  a  complete  detailed  list  of  materials  made  with  the  letters  and  numbers 
repeated  from  the  plans.  The  diflPerent  materials  in  the  storage  yard  should  then  be  designated  with  the  same 
markings,  so  that  a  workman  can  instantly  find  any  piece  of  material  shown  on  the  plans. 

61.  Methods  of  Construction. — Two  methods  of  construction  may  be  mentioned:  (1) 
fabricating  all  material  before  erection  is  started,  and  (2)  erecting  material  as  fast  a^s  it  is  fabri- 
cated. The  second  method  is  preferable  as  it  enables  the  contractor  to  realize  on  his  work  at 
the  earliest  possible  moment. 

In  any  event,  the  first  floor  should  be  constructed  as  soon  as  possible,  with  the  rough  floor 
in  place,  in  order  that  all  trusses,  posts,  etc.  may  be  laid  out  and  fabricated  on  the  floor.  A 
smooth,  level  floor  is  preferable  for  such  purpose  to  any  fabricating  platform  that  can  be 
constructed. 
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The  center  Unes  w  outside  lines  of  tniasee  should  be  laid  out  on  the  floor  to  actual  sises.  Sometime  tem- 
plates of  all  timber  members  are  constructed  and  the  actual  members  cut  directly  from  these  patterns.  In  other 
oases,  no  temi^tes  are  made,  but  the  members  are  cut  from  the  figured  dimensions  or  the  dimensions  scaled  from 
the  full  sise  layout.  The  template  method  is  to  be  recommended.  It  may  seem  an  unnecessary  expense,  but 
will  avoid  many  mistakes  of  cutting  members  too  short,  cutting  daps  at  the  wrong  places,  etc. 

In  lasdng  out  a  truss,  the  outside  lines  of  timbers  should  be  used  as  working  lines,  and  all  dimensions  figured 
from  them.  For  example,  given  a  lower  truss  chord  12  in.  deep,  with  diagonals  framing  into  the  upper  side  to 
various  depths,  as  ^  in.,  1  in.,  etc.  Instead  of  measuring  such  cuts  from  the  upper  side,  the  measurements  should 
be  made  from  the  lower  side.  This  will  take  care  of  all  variations  in  width  of  the  timber  chord  and  will  enable 
all  similar  diagonals  to  be  out  to  the  same  length. 

52.  Camber  in  Trusses. — Most  specifications  for  timber  trusses  call  for  camber  to  be 
given  to  the  trusses.  This  camber  is  usually  specified  in  terms  of  camber  per  linear  foot  of 
truss,  as  3^  in.  for  every  10  ft.  of  span.  Camber  in  ordinary  roof  trusses  is  usually  introduced 
by  springing  the  chords  on  the  fabricating  platform  to  approximate  arcs  of  circles  and  cutting 
the  diagonals  to  fit.  In  other  instances,  especially  in  small  trusses,  the  trusses  are  framed  with 
straight  chords,  and  joints  left  somewhat  loose,  and  the.  whole  truss  then  given  an  approximate 
camber  by  tightening  the  rods.  Such  a  method,  it  is  obvious,  does  not  give  a  real  camber  to 
the  truss,  and  if  the  truss,  after  erection,  retains  any  of  this  so-called  camber,  it  is  due  solely  to 
the  restraining  action  of  the  posts  or  walls.  If  true  camber  is  to  be  introduced  in  a  truss,  the 
members  must  be  cut  accordingly,  and  all  joints  made  tight  before  erection  of  the  truss. 

68.  Bquipment. — The  question  of  amount  of  machinery  and  tools  can  only  be  determined 
by  the  character  and  size  of  the  job.  In'  general,  it  will  alwA3rs  pay  to  provide  sufficient  tools, 
and  power  machinery  will  save  much  labor.  However,  more  than  one  job  has  been  a  loss  on 
account  of  too  great  an  investment  in  plant. 

When  there  is  much  boring  to  be  done,  power  drills  should  be  installed.  These  are  of  two  kinds,  electric  and 
air  drills.  Of  the  two,  the  latter  are  the  more  satisfactory,  but  in  many  jobs  the  contractor  will  hesitate  to  install 
the  necessary  aijvcompreesor  plant.  Electric  drills  are  preferable  to  hand  boring,  but  are  heavy  and  somewhat 
cumbersome.  Many  of  them  operate  on  but  one  speed  and  do  not  reverse.  With  such  drills,  difficulty  will  bo 
experienced  in  driving  long  holes,  since  the  drill  will  tend  to  stick,  and  the  drill  must  be  constantly  and  expertly 
fed  into  the  hole. 

A  small  cross-cut  and  ripping  saw  may  well  be  installed  on  jobs  of  some  sise,  especially  where  there  is  much 
duplication  of  typical  members. 

64.  Erectioa. — Hand  power  is  the  most  expensive  that  can  be  used  for  erection.  In  build- 
ings involving  truss  work,  some  form  of  traveller  or  derrick  should  be  installed,  even  if  only 
operated  by  a  hand  winch.  It  is  hardly  necessary  to  state  that  the  work  should  be  so  arranged 
that  once  erection  has  started  it  can  be  carried  on  continuously.  All  fabrication  of  members 
should  be  done  as  completely  as  is  possible  on  the  ground,  leaving  the  least  amoimt  of  work  to 
be  done  after  hoisting. 


STONE  WORK 
By  a.  G.  Moulton 

The  term  masonry  as  referred  to  building  construction,  generally  implies  stone  or  brick 
work  only,  and  is  quite  distinctive  from  cement  work,  fireproofing,  plaster,  or  marble,  each  of 
which  is  treated  under  separate  specifications  despite  their  requirement  of  the  trowel  as  a  com- 
mon tool. 

55.  Use  of  Building  Stones  and  Stone  Masonry. — The  use  of  stone  masonry  for  foundation 
walls  and  piers  below  grade  is  now  seldom  met  with,  the  more  economical  material — concrete — 
having  displaced  it  with  the  rapid  building  up  of  our  cement  industry.  Above-grade  stone  is 
now  used  largely  for  ornamental  purposes.  Beginning  with  the  field  stones  and  boulders  used 
in  garden  wall  and  residence  work,  and  carrying  through  to  the  higher  ornamental  and  carved 
marble  employed  in  our  more  ornamental  buildings,  all  kinds  of  quality  of  stone  masonry  will 
be  encountered  by  the  builder.  The  limestones,  sandstones,  and  granites,  however,  are  those 
most  commonly  used  for  exterior  facings. 

/ 
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In  looalities  eoiiTeiueiit  to  the  quarries,  it  is  not  uncommon  in  wall  bearing  struoturee  to  run  up  the  entire  thick- 
nees  of  the  wall  in  stone,  bedding  furring  stripe  at  proper  intervals  for  oross-furring  and  lath  to  be  applied  later  on 
the  inside  face.  If  the  stone  is  not  a  local  product  and  freight  enters  into  the  cost,  then  it  is  more  usual  to  reduce 
its  thickness  to  that  minimum  required  for  its  use  as  a  veneer,  and  to  bring  up  the  wall  to  its  full  structural  strength 
and  thickness  by  a  backing  of  brick  work  or  other  product  of  the  kiln.  For  use  on  skeleton  constructed  buildings, 
where  minimum  construction  weights  are  such  a  determining  factor,  its  use  as  a  veneer  is  the  only  one  practicable, 

56.  Preventing  Stains  on  Stone  Work. — When  cement  mortar  is  used  as  a  bedding,  extreme 
care  should  be  taken  to  select  only  such  materials  as  will  insure  freedom  from  stain  working  out 
and  disfiguring  the  face.  Many  so-called  nonstaining  cements  are  now  on  the  market  and  are 
used  for  this  purpose.  The  use  of  dirty  sand  may  be  as  fully  disastrous  as  a  poor  selection  of 
cement  and  should  be  guarded  against.  Other  protections  against  stain  on  the  face  are  obtained 
through  back  painting  with  an  asphaltum  paint,  or  by  plastering  with  a  trowel  coat  of  nonstaining 
cement  mortar  after  the  stone  has  been  set  and  before  backing  up.  Either  or  both  of  these 
methods  is  particularly  essential  if  the  backing  is  carried  up  in  common  cement  mortar.  lime- 
stones are  the  easiest  to  stain,  and  when  working  with  them,  the  most  csureful  supervision  should 
be  accorded  if  good  results  are  to  be  obtained. 

57.  Setting  Stone  Work. — The  equipment  for  setting  stone  work  varies  with  the  t3rpe  of 
building  and  the  quantity  of  work  involved.  For  rubble  walls,  either  random  or  course,  no 
particular  equipment  or  plant  will  be  required  except  for  scaffolding  to  keep  the  mason  abreast 
with  his  work,  and  stone  barrows  for  delivering  the  stone  within  reach.  An  "A"  frame  for 
handling  large  sills  or  lintels  may  be  useful.  For  course  work  where  the  size  of  the  individual 
pieces  exceeds  the  capacity  of  the  mason  and  his  helper  to  handle  individually,  the  ''A''  derrick 
with  hand  winch  or  drum  is  usually  resorted  to  for  all  walls  not  exceeding  three  stories  in  height. 
When  supplied  with  a  good  firm  run  plank,  it  is  rapidly  shifted  from  point  to  point  and  but  two 
back  guys  are  required,  composed  of  one  continuous  piece  of  line  running  through  three  single 
sheave  blocks,  the  two  outer  ones  of  which  are  attached  to  the  head  of  the  derrick,  the  center 
riding  in  the  bight  of  the  line,  and  will  be  attached  to  some  convenient  point  at  the  foot  of 
the  derrick  by  means  of  a  small  watch  tackle.  The  two  outer  ends  of  the  line  forming  the  guys 
are  attached  to  suitable  anchorage,  a  suitable  sufficient  distance  back  from  the  foot  of  the  derrick 
to  overcome  any  tendency  to  kick,  and  sufficient  spread  to  avoid  constant  changing  as  the 
derrick  is  moved  along  the  face  of  the  work.  By  manipulating  the  watch  tackle,  one  man  at  the 
foot  of  the  derrick  can  control  its  action  at  all  times. 

58.  Handling  Stone. — Stones  are  picked  up  by  the  ''Lewis"  anchor  or,  where  the  ''Lewis'' 
holes  would  be  objectionable  such  as  in  sills,  by  means  of  stone  dogs  and  tongs.  One  mason  and 
three  riggers  constitute  the  usual  crew  for  such  a  derrick.  Special  dowel  and  anchor  holes  for 
inserting  metal  ties  to  bind  in  with  the  backing  are  generally  cut  in  the  field,  and  for  this  purpose 
one  or  more  cutters  will  be  required  on  a  job  of  any  size.  They  will  also  be  required  for  fitting 
and  back  checking  to  overcome  unusual  conditions  impossible  to  foresee  at  time  of  detailing. 
For  high  buildings,  exceeding  three  stories,  boom  derricks  are  usually  depended  upon.  On 
skeleton  construction,  the  Chicago  type  of  boom  is  used  and  a  sufficient  number  installed 
to  swing  the  entire  frontage  that  is  to  be  set.  They  should  be  hung  as  high  up  on  the  steel 
work  as  possible  without  getting  in  the  way  of  the  steel  erectors,  thiis  minimizing  the  number 
of  jumps  required  to  complffle  the  entire  front.  To  await  the  final  completion  of  steel  work 
and  then  set  derricks  on  the  roof,  injects  needless  delay  in  the  building's  construction,  and 
should  not  be  considered.  The  power  applied  may  be  mechanical — supplied  by  steam  or  electric 
hoists — or  it  may  be  manual,  obtained  through  the  aid  of  hand  winches  or  windlasses  set  on  the 
fioor  at  the  level  of  the  derrick.     For  most  work,  the  mechanical  power  is  more  desirable. 

For  wall  bearing  structures  exceeding  in  height  the  range  of  the  "A"  type  derrick,  recourse  is  had  to  boom 
derricks  set  on  platforms  elevated  by  means  of  suitable  towers.  Such  derricks  will  generally  be  set  within  the  build- 
ing lines  and  will  be  used  in  common  by  other  trades  whose  work  is  dependent  upon  the  progress  of  the  walls. 

On  colonnades  and  other  monumental  fronts  of  sufficient  length  to  warrant  it,  a  device  known  as  a  "  traveler'* 
mounted  on  trucks  and  rails  parallel  to  the  building  front,  may  be  found  useful.  In  effect,  this  device  is  an  elevated, 
moving  platform,  self-sustained,  on  which  is. mounted  one  or  two  stiff-leg  derricks  with  revolving  booms.  The 
dimensions  on  such  a  traveler  are,  of  course,  dependent  on  the  range  of  work  to  be  covered. 

Inasmuch  as  the  progress  possible  is  directly  proportionate  to  the  number  of  setters  employed,  it  has  been  found 
convenient  on  high  buildings,  where  the  clement  of  time  is  a  governing  one,  to  dispense  with  the  Chicago  booms, 
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which  do  not  operate  adv»ntageou8ly  on  oloser  than  60-ft.  centers,  and  substitute  therefor  the  short  "A"  frame 
type,  working  from  the  inside  and  setting  out.  These  used  in  conjunction  with  chain  falb  permit  the  use  of  a  setter 
on  each  and  every  pier,  if  necesBary,  and  very  rapid  headway  is  thus  accomplished.  For  this  purpose  the  unset 
stones  are  hoisted  to  the  various  floor  levels  by  large  boom  derricks,  either  as  individual  stones,  if  they  are  large* 
or  in  stone  boats  if  they  run  to  smaller  sixes.  They  are  then  sorted  on- the  floor  and  trucked  or  roUed  out  to  the 
particular  panels  in  which  they  are  to  be  set,  and  there  packed  and  dropped  by  the  small  '*  A  "  derricks  to  their  flnal 
resting  place. 

59.  Pointing  Stone  Work. — Stone  work  as  a  rule  is  not  pointed  as  it  is  set.  That  operation' 
is  handled  in  conjunction  with  the  cleaning  down  after  the  work  has  all  been  set  out.  Exterior 
hanging  scaffolds  are  used,  and  starting  at  the  top  the  work  is  thoroughly  washed  with  clear 
water  and  stiff  brushes.  Although  the  use  of  washing  powders  is  permissible,  the  practice 
of  using  acid,  even  in  weak  solutions,  on  any  kind  of  stone,  should  be  seriously  condemned. 
All  drippings,  particularly  on  sills  and  projecting  courses,  should  be  cleaned  off  and  all  wooden 
wedges  inserted  by  the  setters  should  be  removed.  On  limestones,  a  dry  brushing  with  stiff 
wire  brushes  gives  good  results. 

The  pointing  should  only  then  be  completed,  using  that  type  of  joint  selected,  excessive 
care  being  exercised  to  see  that  the  pointing  mortar  is  shoved  well  back  into  the  open  joint  to 
provide  proper  key. 

10.  General  Precautions. — ^An  observance  of  the  following  points  will  be  found  beneficial: 

All  lug  sills  should  be  bedded  on  ends  only,  leaving  full  clearance  through  entire  length  between  jamb  lines. 
AJl  metal   anchors,  other  than  those  composed  of  brass  or  copper,  should  be  thoroughly  painted  with  some 
mst  resisting  preservative  before  inserting  in  the  stone. 

Overhanging  courses  should  be  provided  with  temporary  support  from  below  until  sufficient  weight  of  wall 
has  been  applied  above  to  prevent  tipping  out. 

AH  projecting  courses  and  finished  horisontal  surfaces  should  be  boxed  and  protected  until  danger  from  falling 
materials  above  has  ceased. 

Clean  white  sand  only  should  be  used  in  the  mortar. 

Stone  should  not  be  laid  in  freesing  or  frosted  weather.  If  the  work  must  go  ahead,  then  all  known  precau- 
tions should  be  taken,  otherwise  spoiling  of  the  face  wUl  result. 

Vertical  joints  in  coping  sills  and  projecting  courses  should  be  pointed  full  depth  or  grouted  to  give  a  com- 
plete seal  against  the  weather. 

When  piling  stone  in  the  sorting  3rard,  on  the  floor,  or  on  the  8ca£Folds,  a  firm,  clean  foundation  should 
be  provided  and  all  setting  identification  marks  exposed,  so  that  the  diffwent  pieces  may  be  quickly  recognised  and 
obtainable  without  extra  handling. 

The  endeavor  should  be  made  to  have  the  work  backed  up  as  far  as  set  out  before  leaving  it  for  the  night. 

Carving  may  be  done  either  before  or  after  setting.  On  large  panels  built  up  from  small  pieces,  best  results 
will  be  obtained  by  carving  in  place.  There  may  also  be  considerable  time  saved  by  this  latter  method,  thus  com- 
pensating for  the  expense  of  scaffolds  and  protection  to  the  carvers  which  otherwise  would  not  be  required  at  the 
building. 


BRICK  WORE 

By  a.  G.  Moui;roN 

Bricks  in  one  shape  or  another  are  common  to  nearly  every  type  of  building  construction. 
They  are  used  for  structural  as  well  as  ornamental  purposes.  Used  structurally  as  in  bearing 
walls,  it  is  seldom  that  the  masonry  will  exceed  21  in.  in  thickneaa^  From  that  down  to  8  in. 
is  the  usual  run  of  the  work  for  the  wall  proper,  with  a  4  or  S^in?  pilaster  added  to  points  where 
load  is  applied.  • 

61.  Location  of  Mortar  Supply. — The  mortar  box,  or  mechanical  mixer,  as  the  case  may  be, 
should  be  set  up  so  as  to  average  the  wheeling  distance  so  far  as  possible  to  all  points  of  the  work 
proper.  Its  location  also  should  be  convenient  for  the  delivery  and  storage  of  the  dry  ingre- 
dients and  also  close  to  the  water  supply. 

Under  ordinary  conditions  and  where  not  over  12  masons  are  employed,  hand-mixed  mortar  will  be  the  most 
economical.  Where  from  12  to  20  masons  are  employed,  either  hand  or  machine  mixed  is  equally  good.  For  more 
than  20  masons,  a  machine  mixer  of  the  continuous  type  will  give  the  best  results. 

62.  Bonding  Face  to  Backing. — For  enclosing  walls,  the  outer  4  in.  may  be  carried  up 
with  a  so-called  face  brick  to  obtain  the  desired  architectural  effect.     The  bond  between  the 
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ace  and  balance  of  the  wall  is  accomplished  in  one  of  many  ways  and  is  generally  a  matter 
determined  by  the  specifications. 

63.  Scaffolding. — For  stories  of  ordinary  height,  a  horse  scaffold,  composed  of  the  familiar 
4>^-ft.  mason  horse  and  5-plank  deck,  will  be  found  the  most  convenient.  Two  sets  high  of 
this  construction  is  the  practical  limit,  however,  except  for  short  stretches.  Hence,  when  walls 
exceeding  14  ft.  between  floor  levels  are  encountered,  it  will  be  best  to  use  the  putlog  scaffold 
composed  of  one  line  of  upright  supports  at  convenient  centers  (approximately,  7  ft.)  set 
parsJlel  and  6  ft.  from  the  face  of  the  work.  Cross  supports  are  attached  thereto  with  inner 
ends  bearing  4  in.  on  the  wall  and  upon  which  the  deck  planking  is  laid.  As  this  scaffold  is 
dismantled,  the  putlog  holes  are  filled  up  by  the  mason.  This  tjrpe  of  scaffold  properly  cross- 
braced  wiU  answer  for  almost  any  height  of  wall. 

■ 

For  face  work,  it  is  desirable  to  provide  an  outside  scaffold  if  best  results  are  to  be  insured,  and  particularly 
if  a  different  kind  of  mortar  is  used  on  the  face  work  from  that  used  on  the  backing.  All  joints  on  face  work  should 
be  struck,  pointed,  or  raked  out,  according  to  the  chosen  design  as  the  work  prooeeds  and  all  backing  should  be 
topped  out  level  with  the  face  work,  and  the  wall' provided  with  temporary  covering  for  weather  protection  before 
suspending  for  the  day. 

64.  Swinging  Scaffolds. — For  steel  frame  buildings,  the  patent  swinging  scaffold  has 
become  almost  indispensable.  Outriggers  are  projected  along  the  face  of  the  wall  from  the 
highest  point  available  on  the  steel  frame.  These  in  turn  support  the  scaffold  machines, 
which  are  essentially  small  cast-iron  drums  actuated  by  trailing  hand  rope  through  the  medium 
of  worm  gear  and  sheave.  Wire  cables  attached  to  and  suspended  irom  the  drums  carry  the 
scaffold  proper.  The  cable  capacity  of  the  drums,  usually  125  ft.,  determines  the  height  the 
scaffold  may  be  raised  without  resetting  the  outriggers  and  machines.  The  hand  control  ropes 
being  of  equal  length  to  suspension  cables,  are  always  in  reach  of  the  scaffold  men,  who  are 
constantly  patrolling  same  and  keeping  it  abreast  of  the  walls  and  to  the  best  advantage  of  the 
mason.  Overhead  protection,  in  the  shape  of  light  decking,  should  be  provided  on  all  such 
scaffolds  whenever  other  trades  are  working  at  higher  levels.  The  outer  edge  of  the  scaffold 
should  be  protected  with  a  guard  rail  and  light  fence  of  poultry  netting  together  with  toe 
board. 

On  high  buildings  it  has  been  found  entirely  practicable  to  keep  the  exterior  walls  within  two  stories  of  the 
finished  floors  at  all  times,  providing  all  necessary  materials  have  been  properly  scheduled  for  delivery  as  required. 

If,  due  to  unusual  conditions,  a  delayed  start  is  made  necessary  on  the  walls  whereas  the  steel  frame  and  arches 
have  kept  to  normal  progress,  the  gap  thus  produced  can  be  closed  by  putting  out  a  second  scaffold  at  a  higher  level 
and  working  from  both  concurrently.  To  do  this  successfully,  however,  requires  ample  and  well  laid  out  hoisting 
facilities,  so  that  no  delay  will  ensue  to  the  different  sets  of  masons  through  waiting  for  materials. 

66.  Serving  Materials  to  Masons. — The  proper  serving  of  materials  to  the  mason  while 
working  from  scaffolds  is  one  of  the  most  important  factors  to  be  watched.  A  scaffolding  should 
be  arranged  so  that  the  brick  can  be  wheeled  from  the  stock  pile  on  the  floor  and  by  one  transfer 
taken  from  the  barrow  and  laid  at  the  mason's  feet.  This  arrangement,  however,  should  not 
be  at  the  expense  of  a  heavy  pull  up  a  steep  incline  or  runway.  Under  such  conditions,  two 
passes  of  the  brick  are  to  be  preferred.  Beyond  this  point,  the  brick  hod  must  be  depended 
upon.  By  keeping  an  even,  constant  flow  of  brick  to  the  mason,  not  crowding  up  on  him  so 
as  to  restrict  his  foot  sp#ee  on  the  scaffold,  and  by  keeping  the  tray  always  full  of  mortar, 
is  the  best  way  to  insure  satisfaction  in  the  ranks  and  promote  consistent  output. 

66.  Material  Elevators. — Brick,  mortar,  and  other  materials  entering  into  the  construc- 
tion are  elevated  to  the  various  working  floors  by  means  of  platform  hoists  running  up  through 
temporary  hatchways  left  in  the  floors,  or  in  towers  erected  on  the  outer  face  of  the  work. 
Single  platforms  with  capacity  for  two  .wheel  barrows  at  a  time  are  favored  over  the  up-and- 
down  type  with  one  barrow  to  the  load,  because  of  the  greater  traveling  speed  obtainable. 
From  800  to  1000  ft.  per  minute  is  possible  with  the  former  type,  and  a  greater  margin  of 
safety  is  provided  for  the  operators.  It  is  needless  to  say  that  riding  on  material  hoists  is  an 
extremely  dangerous  practice  and  should  not  be  permitted  under  any  condition.  For  buildings 
over  12  stories  high,  it  is  customary  to  provide  a  temporary  passenger  elevator  for  the  conveni- 
ence of  the  workmen.     This  is  generally  erected  in  one  of  the  permanent  elevator  shafts,  using 
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one  of  the  permanent  machines  for  motive  power.  On  very  high  buildings  where  it  will  be 
impracticable  to  wait  for  completion  of  machine  supporting  steel,  a  temporary  basement  type 
machine  is  used. 

67.  Progress  of  Work. — The  average  story  of  front  brick  or  terra  cotta,  or  a  combination 
of  both,  will  be  run  up  in  about  10  hr.  work,  or  about  43^  stories  a  week.  Under  more  favorable 
conditions,  a  story  per  day  has  been  accomplished. 

As  soon  as  the  front  has  been  topped  out,  the  patent  seaflPoId  should  be  removed  and  the  cleaning  scaffold  swung 
out.  Ordinarily  it  is  not  practicable  to  set  the  lookouts  for  handling  scaffolds  so  that  they  may  be  utilised  for  the 
cleaning  down  process  as  well.  However,  that  poMibility  should  be  studied  and  taken  advantage  of  whenever 
advisable. 


MECHANICAL  TRADES 
By  a.  G.  Moulton 

68.  Sequence  of  Trades  on  Building  Operations. — The  proper  time  for  the  pipe  trades  to 
take  up  their  work  on  a  building  will  quite  naturally  vary  with  the  character  of  the  structure. 
Grenerally  speaking,  it  must  be  at  such  a  time  as  will  preclude  any  possible  delay  in  the  starting 
of  other  trades,  and  they  should  also  be  worked  in  so  that  a  minimum  of  cutting  and  patching  is 
provided  for. 

69.  Plumbing  Work. — Freedom  of  working  space  and  plenty  of  daylight  in  which  to  run 
pipe  work  are  excellent  factors  in  keeping  down  costs.  For  this  reason  it  will  be  found  desirable 
to  run  in  risers,  such  as  plumbing,  steam,  electric  and  ventilating,  just  as  soon  as  the  supporting 
frame  work'  of  the  building  becomes  available.  On  the  same  theory,  horizontal  lines  and  bran- 
ches, such  as  suspended  sewers,  soil  lines,  steam  mains,  etc.,  will,  if  withheld  on  installation 
until  floor  arches  are  in,  call  for  noticeably  higher  labor  costs  than  if  they  were  hung  in  the  open 
immediately  after  beams  are  in  place. 

Vertical  sofl  lines,  down  spouts,  sprinkler  risen,  steam  and  return  lines,  electric  feeder  conduits,  etc.,  if  run 
ahead  of  the  arches  will  always  be  reflected  in  a  lessened  cost  to  the  building  as  a  whole,  although  in  individual  cases 
some  of  the  above  piping  trades  may  be  put  to  slightly  additional  expenses  in  providing  necessary  scaffolding  to 
insure  the  safety  of  the  workmen.     The  real  saving  comes  in  the  cutting  and  patching  which  is  thereby  obviated. 

In  following  this  method  of  advanced  pipe  work,  thorough  supervision  must  be  given  by  the  interested  parties 
throughout  the  time  that  centering  and  arch  construction  proceeds,  to  see  that  the  various  risers  are  kept  in  prpper 
alignment,  and  that  all  required  sleeves  are  in  proper  place  and  at  correct  level  before  they  are  permitted  to  be  built 
in. 

70.  Importance  of  Pipe  Drawings. — In  order  to  take  the  fullest  advantage  that  the  situa* 
tion  offers,  it  will  be  seen  that  all  pipe  sketches  will  have  to  be  worked  up  and  cut  out,  all  main 
and  branch  lines  detailed  and  fittings  ordered,  and  such  other  items  as  hangers,  expansion  sleeves, 
panel  and  cutrout  boxes;  special  valves,  etc.,  be  arranged  for  on  specified  delivery  dates  to 
insure  their  availability  within  the  very  limited  time  that  exists  between  the  time  the  structural 
frame  work  of  the  building  is  ready  to  receive  them  and  the  following  on  with  the  arch 
construction. 

71.  Advantages  of  Plumbing  in  the  Open. — In  addition  to  the  economies  of  installation, 
there  is  another  very  pressing  need  for  advancing  the  roughing  period  of  the  plumbing  installar 
tion  to  the  greatest  extent.  Most  mimicipalities  require  a  specified  test  for  tightness  on  all 
sanitary  lines  before  their  concealment.  This  means  that  the  minimum  number  of  stories  which 
can  be  tested  at  one  time  sets  the  distance  which  the  interior  partitions  and  furring  must  be 
kept  back  of  its  normal  positon,  which  ordinarily  is  immediately  following  the  exterior  wall 
enclosures.  If  the  plumbing  installation  has  been  advanced  so  that  a  sectional  test  is  had  e^ 
about  the  time  the  fourth  or  fifth  floor  arches  are  buUt,  then  no  delay  will  ensue  and  the  prog- 
ress of  the  entire  building  has  been  benefitted. 

With  the  vertical  lines  and  main  branches  out  of  the  way,  the  mechanical  trades  will  be  in  the  most  favorable 
position  to  take  up  the  lesser  branches,  run  outs  and  circuits,  either  in  conjunction  with  or  directly  following  the 
arch  construction,  depending  upon  whether  the  design  provides  for  the  embedment  of  pipes  in  the  arches  or  in 
a  fill  supported  by  the  arches. 
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72.  Work  in  Conjunction  with  Floor  Construction. — The  steamfitter  has  his  radiator 
branches  to  run  at  this  time.  The  electrician,  in  addition  to  his  floor  circuits,  should  lay  out 
and  install  the  conduit  for  all  outlets  and  switch  legs,  and  any  other  work  which  later  will  be 
concealed  in  partitions,  column  covering,  and  furring.  The  plumber  will  be  roughing  in  the 
supply  vent  and  soil  lines  for  sanitary  fixtures.  The  somewhat  common  practice  of  allowing 
tile,  partitions,  furring,  etc.,  to  be  erected  in  advance  of  pipe  work,  later  to  be  cut  or  chased 
out  for  its  reception,  has  little  merit  other  than  the  relief  it  affords  the  mechanical  trades  from 
the  responsibility  of  laying  out  their  own  work,  and  therefore  should  not  be  permitted. 

73.  Finishing  Plnmbing,  Steam,  and  Electrical  Work. — The  proper  finishing  period  for  the 
three  mechanical  lines  which  we  have  been  following,  and  which  would  include  radiators,  valves, 
heat  controlling  devices  and  pipe  covering  for  the  steamfitter,  sanitary  fixtures  and  trimmings 
for  the  plumber,  and  panel  boards,  receptacles,  switches,  switch-plates  and  wire  for  the  electri- 
cian, will  naturally  take  their  normal  sequence  after  completion  of  finished  floor,  plaster,  and 
marble  work. 

On  buildings  and  Btnietures  where  the  pipe  work  and  conduits  are  not  required  to  be  concealed,  then  a  later 
start  is  not  only  permissible  but  will  probably  be  desirable.  There  as  above,  however,  the  cutting  and  patching 
feature  and  its  elimination  should  be  the  guide. 


BLBVATOR  AND  STAIR  WORE 
By  a.  G.  Moulton 

74.  Value  and  Importance  of  Early  Installation  of  Elevators  and  Stairs. — Two  important 
trades,  both  of  which  should  be  placed  on  the  work  at  an  early  date,  are  those  concerned  with 
elevators  and  stairs. 

EUevator  guide  brackets  should  be  available,  so  that  they  may  be  installed  and  followed  by 
the  guides  themselves  within  a  period  but  a  few  days  longer  than  that  required  to  build  the 
supporting  steel  work  of  the  building.  This  is  particularly  true  of  lofty  buildings,  where  it  is 
customary  practice  to  have  the  elevator  machines  prepared  in  time  to  be  hoisted  by  the  steel 
erector's  derricks  to  the  machine  room  level  just  before  they  are  closed  in  for  dismantling. 
Thus,  with  machines  in  place,  and  guides  erected,  temporary  cars  for  freight  and  passenger 
service  may  be  depended  upon  almost  as  soon  as  the  roof  of  the  building  has  been  enclosed. 

If,  during  the  time  the  platforms  are  being  assembled  and  connected  up,  the  elevator  shafts  can  be  plastered, 
this  should  be  done,  even  at  the  expense  of  some  little  inconvenience  and  disarrangement  of  other  trades.  Not 
to  accept  the  opportunity  at  that  time  will  unfailingly  cause  the  forced  suspension  of  elevator  service  at  some  later 
date,  when  it  can  be  least  afforded,  in  order  to  go  back  and  finish  the  shaft  walls. 

In  order  to  start  guide  work  before  completion  of  steel,  two  or  more  set  of  templates  will  have  to  be  made;  and 
in  such  cases  it  will  be  necessary  to  guarantee  to  the  elevator  constructor  the  alignment  of  all  steel  work  surrounding 
the  shafts,  the  greatest  variation  permissible  being  agreed  upon  and  arranged  for. 

On  high  buildings,  open  and  direct  access  by  means  of  stairs  to  the  various  floor  levels  is  a  very  important  f  ao> 
tor.  Not  only  is  the  safety  of  the  workmen  involved,  but  a  tremendous  amount  of  time  otherwise  lost  to  employees 
can  be  accounted  for,  as  against  when  ladders  or  other  makeshift  means  are  depended  upon. 

76.  Erection  of  Iron  Stairs. — Ordinarily,  for  high  steel  buildings,  iron  stairs  are  specified. 
Treads  and  platforms  may  be  cdl  metal  or  of  pan  type  to  receive  a  finish  of  composition,  slate, 
or  marble.  When  these  stairs  are  designed  for  painted  finish,  no  great  harm  can  occur  to  them 
during  the  construction  period,  and  they  should  be  available  and  erected  in  the  building  as 
rapidly  as  the  erection  of  steel  will  permit.  It  is  not  uncommon  to  keep  stairs  of  this  type 
within  three  fioors  of  the  steel  derricks  at  all  times.  Temporary  2-in.  plank  treads  are  supplied 
and  also  temporary  wood  railings  are  used  should  the  finished  balustrade  be  unsuitable  to  install 
at  such  .ui  early  date. 

For  stairs  which  have  a  baked  finish,  or  are  made  up  of  softer  metals  than  iron,  it  will  probably  be  found  better 
to  withhold  their  erection  until  the  building  is  in  the  finish  stages,  using  instead  temporary  wooden  flights. 

76.  Installation  of  Ornamental  Iron  with  Stairs. — At  the  same  time  stairs  are  going  in, 
elevator  facias,  if  required,  can  be  installed,  which,  together  with  store  fronts,  window  mul- 
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lions  and  other  miscellaneous  iron  work,  will  generally  provide  continuous  work  for  the  orna- 
mental iron  workers  despite  their  early  start  on  the  stairs.  This  provision  for  continuity  of 
work  is  a  point  to  be  kept  in  mind  when  scheduling  all  trades. 

77.  Protecting  Blevator  Shafts  and  Stairs. — The  proper  protection  of  elevator  shafts, 
stairs,  runwa3rs,  etc.,  from  a  safety  point  of  view,  is  a  matter  that  should  not  be  left  to  chance, 
as  it  provides  responsibility  of  sufficient  importance  for  the  building  superintendent  himself  to 
assume.  Daily  inspection  should  be  made  to  determine,  (1)  whether  all  required  protection 
in  accordance  with  accepted  standards  has  been  provided,  and  (2)  whether  proper  upkeep  is 
being  maintained. 

Temporary  hod  and  material  hoists  are  particularly  dangerous  features  of  a  building  under 
construction,  and  they  should  never  be  operated  until  the  shafts  are  enclosed  through  which 
they  run.  If  not  otherwise  protected  by  permanent  walls,  they  are  first  fenced  in  with  suitable 
enclosure  on  three  sides  at  all  floor  levels  through  which  they  run.  That  side  from  which  they 
serve  and  are  served,  should  be  protected  by  a  gate  or  protecting  bar  and  this  barrier  kept  in 
place  on  all  levels  except  the  one  being  worked.  All  enclosed  stairs,  dark  passages,  and  base- 
ment runwa3n9,  whenever  open  to  the  passage  of  workmen,  should  be  provided  with  safety 
lights  and  railings. 

Bell  men  for  signalling  the  hoisting  engineer  should  be  chosen  with  due  regard  for  their  knowledge  of  the 
position  and  proven  ability  to  follow  instructions.  Riding  on  material  hoists  of  any  kind  should  be  strictly  pro* 
hibited.  For  the  enforcement  of  this  rule,  signs  alone  cannot  be  depended  upon.  They  should  be  backed  up  by 
positive  and  concise  instructions  issued  to  all  operating  foremen  and  engineers,  with  the  full  penalty  for  violating 
thoroughly  understood. 

The  value  of  a  careful  and  thorough  study  of  welfare  and  safety  conditions  and  its  effect  on  building  construction 
work,  is  rapidly  becoming  more  and  more  a  subject  of  deep  interest  to  the  builder.  On  work  of  large  volume,  it 
has  now  become  almost  universally  the  custom  to  reinforce  the  construction  organisation  with  one  or  more  safety 
inspectors,  trained  to  detect  the  dangerous  spots  and  provide  suggestions  for  their  removal  or  improvement.  On 
work  of  lesser  volume,  where  a  separate  department  would  not  be  warranted,  these  duties  should  be  definitely  as- 
signed to  some  responsible  individual  in  the  organisation,  together  with  sufficient  authority  to  insure  the  carrying 
out  of  his  recommendations. 


SEQUENCE  OF  FINISHING  TRADES 

By  a.  G.  Moulton 

Interior  dividing  partitions,  wall  furring,  column  covering,  etc.,  should  follow  as  closely 
after  the  completion  of  exterior  walls  as  roughing  or  pipe  trades  will  permit.  In  conjunction 
therewith  will  be  required  the  bucks,  grounds,  and  other  items  of  rough  carpentry  incident  to 
preparing  the  building  for  such  of  the  finishing  trades  as  plaster,  marble,  and  trim.  At  this 
time  also  it  may  be  desirable  to  install  the  exterior  window  sash,  particularly  so  if  the  work  is 
in  or  approaching  the  winter  months. 

78.  Wood  Trim,  Flooring,  Glazing,  Etc. — Interior  wood  trim,  maple  flooring,  glass,  and 
hardware  should  be  brought  on  the  building  only  at  such  a  time  as  they  may  be  installed  with 
safety.  Ordinarily,  this  will  be  3  to  4  weeks  after  plastering  has  been  started.  With  metal 
trim  no  delay  is  necessary  and  the  work  may  be  executed  as  soon  as  the  plaster  is  hard. 

79.  Setting  Radiators,  Plumbing  and  Lighting  Fixtures,  and  Painting. — During  this 
period  the  radiators  are  set  and  permanently  connected  up,  plumbing  and  lighting  fixtures  are 
installed,  painting  of  exterior  and  interior  wood  and  metal  surfaces  is  begun,  finished  floors 
are  scraped  or  rubbed,  as  the  case  may  be,  and  a  general  canvass  of  all  incompleted  items  made 
to  determine  what  is  missing  and  the  reason  therefor.  So  called  "Punch  lists"  giving  this 
information  and  covering  each  branch  or  trade  employed  on  the  work,  should  be  compiled, 
and  checked  against  by  daily  inspections  until  the  lists  have  been  eliminated. 

The  proper  time  at  which  to  institute  these  lists  is  a  matter  for  careful  consideration.  If  resorted  to  early,  they 
must  of  necessity  deal  largely  with  generalities,  and  as  such  will  fail  in  receiving  the  respect,  or  command  the  power 
that  they  should  be  entitled  to.  To  be  of  real  service,  they  must  cover  the  ground  in  most  minute  detail,  and  until 
this  can  be  done  without  becoming  burdensome  to  the  various  trades,  they  had  better  be  withheld. 


832  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  5-80 

80.  Plaster  and  Karble  Work. — Plaster  work  and  marble  work  are  two  trades  which  carry 
on  together,  where  they  engage  one  with  the  other,  and  either  may  be  given  the  preference  on 
installation  with  about  equal  results,  time  and  economy  both  being  considered.  While  it  might 
seem  that  the  necessary  cutting  and  patching  of  plaster  to  bring  the  marble  into  engagement 
would  be  expensive,  this  item  will  be  fbund  to  be  just  about  balanced  by  the  additional  expense 
involved  in  protecting  the  marble  should  plastering  be  done  last;  added  to  which  would  have  to 
be  accepted'  a  certain  amount  of  lost  time  due  to  using  the  slower  trade  as  pace  maker.  It  is 
the  latter  consideration  which  generally  permits  the  plaster  to  precede  the  marble. 

With  marble  as  well  as  with  all  trades,  too  much  cannot  be  said  about  the  extreme  importance  of  scheduling 
materials  for  delivery  in  proper  sequence  that  will  meet  job  requirements.  When  dealing  with  fragile  materials 
such  as  marble,  due  consideration  should  be  given  to  the  proper  amount,  if  any,  of  stock  pieces  that  should  be  pro- 
vided in  order  to  get  out  replacements  on  the  job  with  the  least  possible  delay, 

81.  Cleaning  tip  After  Plaster  Work. — Directly  after  the  marble  and  plaster  work  has 
been  completed  on  a  floor,  this  section  should  be  given  a  thorough  broom  cleaning  and  all 
surplus  plank,  building  materials,  rubbish,  and  other  useless  equipment  should  be  removed 
from  the  story.  Thereafter  it  should  be  kept  in  that  condition  as  a  clean  building  is  not 
only  the  simplest,  but  it  is  the  surest  method  of  protecting  the  finished  surfaces. 

Marble  treads,  thresholds,  and  other  surfaces  subject  to  traffic  may  be  helped  out  by  a  temporary  coating  of 
plaster  of  Paris,  but  beyond  that  and  the  usual  precautions  against  oil  and  tobacco  stains,  the  greatest  dependence 
can  be  placed  on  the  cleaning  gang  providing  their  work  is  conscientiously  carried  out. 
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EZCAVATINO  EQUIPHENT 

Br    Mathak  C.  Johnson 

1.  Earth  Ezckvatlng  Bqtupment. 

In.  Steam  Shovels.— Steam  ahovelfl  may  be  divided  into  two  main  typea— 
TaSroad  aod  revoli'ing.  Their  principal  difference  lies  in  their  aize  and  in  the  fact  that  the  re- 
volving type,  as  ita  name  implies,  has  a  full  circle  swing.    The  revolving  type  of  shovel  only 


Pio.  1.— Thew  automatie  shovd. 

will  be  treated  here  as  it  is  the  one  most  commonly  used  in  building  construction,  where  ita 
amatl  size,  flexibility,  and  low  cont  of  up-keep  and  operation  give  it  a  position  of  importance  in 
the  excavation  of  foundations,  basements,  and  cellars,  and  for  clearing  and  grading  ground  for 
new  buildings.  It  will  be  found  economical  where  the  amount  of  excavation  is  about  2000 
cu.  yd.  in  ground  free  from  rock. 

Steam  ia  the  most  common  power  for  the  operation  of  shovels,  but  gasoline  engines  and 
electric  motorb  may  be  had  for  use  where  coal  or  other  fuel  is  scarce  or  where  current  may  be 
obtained. 

General  Featurei. — The  shovel  is  divided  into  two  main  parte — the  supporting  base  and 
the  upper  frame. 
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The  supporting  base  ie  made  up  of  a  frame  of  etoel  beams  strongly  braced  and  riveted 
together.  This  frame  rests  od  two  steel  axles,  one  pivoted  and  the  other  held  in  position  and 
geared  for  poiver  traction;  and  carries  a  heavy  cBst-eteel  annular  gear,  the  track  for  the  rollers, 
and  the  main  journal  which  supports  the  revolving  frame.  The  pivoted  axle  allows  the  direct- 
tional  movement  of  the  machine  to  be  changed.  Small  diameter  steel  wheels  of  wide  tread  are 
generally  employed,  though  some  manufacturers  are  now  supplying  a  caterpillar  traction  which 
is  an  advantage  if  the  machine  is  to  be  moved  about  much  and  the  soil  is  weak. 

The  upper  or  revolving  frame  consists  of  the  power  plant,  A-frame,  boom,  and  shipper  arm, 
to  which  is  attached  the  dipper,  or  bucket. 


Fla.  a.— Cellar  excBvution  oa  Fjftb  Avenue.  N.  Y.    Bucyriu  stcooi  Bhovel  uacd. 

vertical  boiler.     The  thriuling  enginei  are  geneially  mcunted  on  the  upper  side  of  the  boom  and  icork  thruu 
ck  and  pinion.     Hoisting  ia  Bcconipliihed  IhiouKh  steel  cebica:  and  BwincinK  through  ecars. 

each  aide,  forward  and  back.     The  A-frame  cBrrica  a  pivuled  fuBl-atrcl  head  block  al  the  top,  to  vthirh  1 
da  are  atUehed  which  support  the   upper  end  of  t)ie  boom.     The  A-frarr.e  is  sliKhtly  inclined  and  is  shor 

le  ahcsves  for  hoistinK  ar^  at  the  outer  end  of  the  boom. 

The  •kipptr  am  ia  d(  oak  8  to  13  in.  square,  reinforced  with  steel  i-hannela,  and  fiom  14  to  24  ft.  in  lenni 
toothed  rack  fmlened  on  the  underside  eOKaging  with  a  pinion  controls  the  movement  of  the  arm.     The  digi 

Typical  data  on  represenUtive  types  of  shovels  are  given  on  pp.  83.5  and  lUG: 
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Working  Dimensions  of  Small  Revolving  Bucyrus  Shovels 


"5 


■E^^^ZSS^ 


a. 


noac' 


SixA  nt  Tnttnhlntk 

14-B 

18-B 

25-B 

35-B 

Stondard  mounting 

Traction 

Traction 

Railroad 

Railroad 

Anj^e  of  boom 

Standard 
46" 

Special 
52* 

Standard 
45' 

Special 
64- 

Standard 
46' 

Special 
50' 

Standard 
46" 

SpecUl 

fir 

A 

B 
C 
CI 

D 
E 
F 
Q 

H 

I 

J 

• 

Maximum  dumping  rad- 
ius  

21'  6' 

20' 8' 

23'  6' 

22' 3' 

26' 8' 

25' 0' 

30'  6' 

30' 0' 

Clear  dumping  height. . 

11' 2" 

13' 2» 

11'  10' 

14' 10' 

13' 0' 

14'4' 

16' 6*         17' 1' 

1 

Level  floor  radius  (Abso- 
lute level) 

15  0' 
17' 0' 

14' 3' 
16' 0" 

17' 0' 
18'  6' 

16'0' 
17' 9' 

18' 2' 
19'  6' 

17' 8' 
19' 6' 

21' 3'         20' 6' 
22' 6'         22' 3' 

Level  floor  radius  (Dip- 
per at  max.  rake) 

Below  level  floor 

3-2' 

2' 7' 

3' 3' 

2'G'      1     3'  11' 

S'S" 

5' 9'       1    5' 2* 

Radius  of  boom 

IT'S" 

15'7H' 

19' r 

16  7'          19'  9' 

18'4M' 

23' 2'       l21'6'     ~ 

Height  of  boom 

18' 0' 

19'  5M' 

19' 4* 

21'  6H' 

20' 6' 

21'  7M' 

24' 4'       '  25' 9' 

Digging  radius  at  8-ft. 
elevation 

23'  6' 

22' 6" 

25'  6* 

24'  0' 

27'  6' 

26'  10' 

32'  6*      1  31'  8' 

Height  dipper  will  cut. . 

16' 6*' 

18' 9' 

18' 0' 

21'  3' 

20'  0' 

2*2'  0' 

24' 4' 

25'  9' 

Rear  end  radius. 

On  roof 

10' SM" 
lO'*" 

10' 8H' 
10' 4' 

11' 4' 
11' 0* 

11'  4' 

II'O'' 

12'  8' 
12'  6' 

12'  8' 
12' 5' 

13' 3H' 
13' 0' 

13'3M' 
13' 0' 

On  rev.  frame 

Highest  part  with  boom 
lowered 

13' 0' 

13' 0» 

13'  10' 

13'  10' 

14'  2' 

14' 2' 

14'  4' 

14' 4' 

1 

Deduct  from  B.  F.  H.  & 
J.  for  railroad  mount- 
ing  , . 

GH" 

QH" 

6' 

6' 

, 

Add  to  B.  F.  H.  &  J.  for 
traction  mounting. . . . 

■ 

•    •■■■> 

SH' 

6M' 

8?i' 

8?r 

Add  to  B.  F.  H.  &  J.  for 
caterpillar  mounting. 

9' 

9' 

4' 

4* 

7' 

7' 

6H' 

6^' 
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Table  op  Dimensions— Smau.  Revolving  Btjcyrus  Shovels 


I4-B 


18-B 


25-B 


3&-B 


Effective  pull  on  dipper,  pounds. 


_,         .^        ,    ,.  /  Struck  measure 

Capacity   of  dipper  <  „         , 

rr       ^  HeaDed  meaaun 


Sise  of  enginea 


Main.. 
Swing.. 
Thrust. 


Revolving-   frame    /Length. 
>ver-all  hoi 
menaiona) 


(Over-all  houae 
Wheel  base     | 


me    f 
di-    1 


Width. 


Traction. 
Truck... 


Width  over  traction  wheels. 


Boiler 


|T> 
IDi 


Type 

Dimenaiona. 


Water  tank,  total  capacity . 


Weight  in  working  order 


Shipping  weight 


Railroad . . . 
Traction . . . 
Caterpillar. 

Railroad . . . 
Traction . . . 
Caterpillar. 


12.300 

H  cu.  yd. 
>i  cu.  yd. 

5"  X  6' 
4'  X  5* 
4*  X  5' 

• 

15' 3' 
O'O' 

7'  3' 
7'  3" 

8'  6" 

Vertical 
42'  X  7'  6" 

275  gals. 

20  tona 

21  tons 
2eyi  tons  ' 

17K  tons 
10  tons 
24  tons 


18.250 

H  cu.  yd. 
1  cu.  yd. 

6*  X  7" 
AH"  X  5' 
AH"  X  5' 

16'  0' 
10'  0* 

8'0' 
8'0' 

9'  6' 

Vertical 
48"  X  7'  6" 

350  gals. 

25  tons 

27  tona 

30H  tons 

22  tons 

24  tons 

27  H  tons 


25.800 

1>4  cu.  yd. 
IM  cu.  yd. 

7"  X  8* 
5'  X  6' 
6'  X  6' 


400  gals. 

33>i  tons 
37  >^  tons 
44)^  tons 

30H  tons 
333^  tons 
40  V^  tons 


31.490 

IH  cu.  yd. 
1^  ou.  yd. 

8»  X  8" 
6"  X  6' 
6*  X  6' 


17' 9' 

19'  4" 

10' 0' 

10' 0' 

8-9' 

10' 3" 

8'  9" 

10' 3' 

ll'8>i' 

12*4' 

Vertical 

submerged 

Loco. 

54"  X  8' 11" 

48"  X  9*  7" 

500  gals. 

42H  tons 
46?^  tons 
50^^  tone 

38  tona 
42K  tons 
46>^  tona 


Thew  Shovel 

BucYRUS  Shovel 

Cu.  yd. 

Working  weight 

Rated  capacity 
in  cu.  yd. 
per  hr. 

Cu.  yd. 

Working  weight 

Rated  capacity 

in  cu.  yd. 

per  hr. 

H 

1 

^8,500 
38.000 
49,000 

25  to  40 
30  to  50 
35  to  70 

1 

42,000 
50,000 
67.000 
85,000 

25  to  50 
30  to  70 
40  to  100 
50  to  125 

The  dipper  or  shovel  reaembles  the  ordinary  scoop  bucket.  It  is  of  all  steel  construction  with  a  cast  bottom 
which  is  hinged  to  the  back  of  the  bucket  and  held  closed  by  a  spring  latch.  By  a  slight  jerk  on  a  light  line  which 
leads  from  the  back  to  the  cabin,  the  operator  may  open  the  latch  causing  the  bottom  to  drop  and  empty  the  dipper. 
The  cutting  edge  of  the  dipper  depends  on  the  character  of  the  material  to  be  excavated.  This  cutting  edge  is  of 
high  carbon  or  alloy  steel  supplemented  under  ordinary  conditions  by  teeth  made  from  forgings  with  tool  steel 
points  and  fastened  to  the  outside  of  the  bucket  leaving  the  inside  free  from  obstructions.  The  dipper  is  fastened 
to  the  shipper  arm  by  means  of  heavy  forged  arms  and  braces. 

The  hoxMtino  line  is  connected  to  the  dipper  by  a  hinged  bail  through  a  sheave.  The  amount  of  excavation  for 
a  given  period  of  time  will  depend  on  the  character  of  soil,  size  of  dipper,  depth  of  cut,  height  of  unloading,  and  the 
rate  at  which  empties  can  be  brought  in  place  for  loading.  Using  a  1-yd.  dipper,  in  average  ground,  and  rating 
dippers  per  minute  to  allow  for  ordinary  delays,  40  to  60  cu.  yd.  should  be  handled  per  hour,  or  300  to  500  cu.  yd. 
per  day  for  8  hr.  Steam  shovels  cost  from  $8000  for  the  small  H-cu.  yd.  to  $20,000  for  the  iH-cu.  yd.  capacity. 
The  weight  will  necessarily  increase  with  the  sise  of  the  shovel. 
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16.  Locomotive  Cranes. — The  locomotive  cr&ne  is  similar  in  general  constructioo 
to  the  Bteam  shovel.  It  aiso  consists  of  two  main  parts — the  supporting  base  and  the  upper 
frame.  The  general  construction  of  the  supporting  base  is  the  same  as  that  of  the  shoveL  The 
upper  frame  carries  the  power  equipment  and  the  boom.  The  power  equipment  consists  of  a 
2  or  3  drum-hoist  driven  by  double  cylinder  engines  supplied  with  ateam  from  a  vertical 
boiler,  or  drhten  by  gasoline  engines  in  some  recent  types,  or  electric  motors  in  favorable 
situations. 

The  boom  of  a  locomotive  crane  is  longer  than  that  used  with  a  power  shovel  and  ia  made 
either  in  the  form  of  an  A  (with  legs  connected  to  the  rotating  platform,  the  apex  to  a  drum  by 


sheaves  and  boom  lines)  or  of  box  cross  section,  greatest  at  the  center  and  tapering  to  the  ends. 
The  boom  (ranging  in  length  form  25  to  70  ft.)  is  made  of  latticed  structural  steel  shapes  and 
can  be  raised  or  lowered. 

TheH  DuohiDca  are  wed  for  eoDBtructioc  piinxMea  when  lo«e  materiftl  la  to  b«  handledi  as  in  loading  and 
unloading  can  of  land,  oruahed  stoDe.  and  gravel,  or  for  hoisting  materiBli.  placing  steel,  pile  diiving.  etc.     They 

eutlinc  into  materiak.    Three  types  of  buekeU  are  conmoaly  used  with  craaea— the  clanuhell,  orange  peel,  and 
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I  Various  Kadii — Ohio  Locomotive  Cr* 


Leojth  a  boom 

„.,.. 

15' rod 

20'fod 

25' rod 

»^ 

1 

45' rod 

».,«, 

30  fl, 
35  11. 

15  ft. 
SOfl. 

27' 9- 
32-1- 

27'0- 
32' 3- 

26'    8- 
39'    1- 
W    4- 

22'  1- 

28' fl' 

30'  8' 

15' 0- 

24'    2' 
30'    9- 

42'    fl- 

17- 4- 

30' 7- 

3S'    S- 

"■"• 

20' 3' 

Maximum  Cleai 


t  Bucket  koe  Vai 


9  Radii — Ohio  Locomotive  Crane 


w..,w.„     ...^ 

.... 

20'  rod      25'  rod 

SO'rod 

36' rod 

40' rod 

45' rod 

(Crod 

25  ft 
30  ft 

45  f( 

18'    4- 
21'    5' 

28'    e- 

23' 9- 
27' S- 

Iff  8- 

22' 0- 

30'  7- 

iffo- 

11' 8' 
IB'O- 

3(!'»- 

12'  10- 

28'    3- 
34'    2" 
■iV  10- 

"■'■ 

32' 8- 

27' 0- 

17' 9- 

Ic.  Scrapers. — Scrapers  as  used  in  cx- 
cavating  /or  buildings  are  of  tn-o  general  types — drags 
or  slips,  and  wheeled  scrapers.  These  arc  practi- 
cally identical  in  action  except  that  one  slides  on  the 
ground  and  the  other  is  mounted  on  wheels. 

Drag  Scrapers. — The  drag  or  scoop  scraper  (Fig, 
4)  is  made  of  slecl  plates,  EometinieB  provided  with  an 
extra  bottom  known  as  "double  bottom"  {Fig.  5),  or 
with  runners,  with  a  heavy  iron  Itail  hinged  to  the 
sides  as  a  means  of  attaching  a  team  of  horses. 
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—Double-bottom  drag  sc 

Drag  Scrapers 


Capudlr  (eu-ft.) 

Length 

Width 

Depth 

Weight 

Remarks 

32 

31^ 

2T 
SO 

":; 

■: 

Double  bottom 

Without  ninMm 

Double  bottom 

Without  rudtif  n, 

Double  bottom 
With  runr,e« 
Without  nuncn 

?la.  a. — Whesled  Krapw  in  poHtion  to  load,  1 


n  Wheeled  Sersper  Co.,  Aurora,  IIL 
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Wooden  bandies  are  ftuteaed  to  the  eides  which  enable  the  operator  to  guide  and  to  trip 
the  scoop.  This  type  of  scraper  b  not  economical  to  use  on  hauls  of  over  150  ft.  They  are, 
however,  a  good  means  of  excavating  ia  placea  where  wagons  could  not  be  readily  handled. 

Wheeled  Scrapers. — A  wheeled  scraper  (Fig.  6)  consists  of  a  steel  box  with  one  open  side 
suspended  from  an  axle  which  is  supported  by  wide  tread  wheels  of  about  40  in.  diameter. 
Attached  to  the  box  are  levers  which  enable  the  operator  to  raise,  lower,  or  dump  the  scrapers 
as  desired  without  stopping  the  team.  The  box  is  of  the  form  of  a  rectangle,  square  on  the 
bottom  and  having  a  height  of  about  }i  its  depth.  Its  chief  usefulness  commences  ^out 
where  that  of  the  drag  scraper  ceases  and  is  a  n  excellent  method  of  moving  earth  or  hauls  up  to 
^out  1000  ft. 

Wheeled  Scb&pbrs 


Ba> 

Wheel 

Capuity 

Weitht 

Lenath 

Width 

Depth 

Dinmeter 

Tin 

7' 

33 

33 

lOH 

34 

2MX  K« 

400 

3e 

34 

12 

2H  X* 

42S 

13 

3S 

37 

13!-S 

40 

3      XH. 

«X> 

3S 

37 

13M 

3      X« 

38 

*1 

13M 

i2 

3      XH 

700 

16 

" 

*'■ 

10 

IS 

3      XM 

800 

Id.  Buckets. — Many  types  of  buckets  are  used  in  excavation.  The  clam  shell 
ftod  the  orange  peel  are  employed  aa  diggers.  Handling  buckets  are  loaded  by  hand  or  from 
hoppers. 

Clam  SheU  Bucfcrf.— The  clam  shell  bucket  (Fig. 
7)  consists  of  two  curved  jaws  which,  when  closed, 
form  half  of  a  short  cylinder.  Two  sets  of  steel 
arms  connect  these  jaws  to  the  head  casting.  The 
lower  end  of  each  set  is  connected  to  the  outer  edge 
of  the  jaws,  and  the  upper  ends  are  hinged  to  the 
head  casting.  The  inner  edges  of  the  jaws  are  con- 
nected together  and  hinged  to  a  counterweight. 
The  counterweight  is  connected  to  the  head  frame 
through  sheaves  and  the  closing  line  to  the  head 
casting. 

Two  lines  are  necessary  for  operation,  a  closing 
line  and  a  holding  line,  each  acting  as  its  name  im- 
plies. By  means  of  the  counterweight,  the  bucket 
will  open  when  the  closing  line  is  released,  causing 
the  jaws  to  separate.  On  engaging  the  closing  line, 
the  jaws  will  tend  to  close,  causing  the  bucket  to 
bite  into  and  fill  with  earth. 


Bucket  Co.,  aevclBi 


digging  in  hud  KCound.       The  nn-BUeeiDeDt  of  Bheaves  nnd 

hoistiD(  line  pliiys  an  impartant  part  in  the  digging  ability 

ot  a  ahovel.     The  Lakewood  Engi-Mring  Co.  E.ak«  a  bucket 

which  bu  a  aheavc  mouDted  on  each  jaw  arm,  thua  giving 

Boulders  may  be  handled  by  eUm  ahella  which  are  too  big  to  8t 

in  the  bucket,  as  the  grip  of  the  javs  ia  aufficicnt  to  bold  them. 
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Clau  Shell  Buckets 
L&kewood  Engineering  Co. 


C.i»dty  (m.  yd.l 

B 

c 

■> 

E 

M 

fl-    3 

e-i    - 

6'    8H- 

3'    9« 

a'  iiw 

H 

7'    1 

e-3H' 

6-    0     • 

s-  0 

ynw- 

.    Ji 

7'    1 

0'2H- 

8-    0     • 

6-    0 

s-uH' 

8     1 

ro^i- 

7'    I     • 

B'   iH 

I  • 

»    1 

r   1    - 

6-    4H 

a 

ow; 

IM 

ff    I 

T-OH* 

7'     IH' 

6'    7>i 

3 

IM 

S    I 

?■  OSi' 

r   iVt- 

3 

3«' 

ffiiH 

80H- 

T    7>(- 

e*  s 

3 

lOK" 

8'    3H 

T-OK* 

r  AH' 

y    7 

4 

OK- 

2W 

fi"    4»i 

8'BM* 

7-  Il>i' 

0'  10>i- 

. ...  1 

i»yw.nl  oni 
Usyvood  I 


Fio.  B.—itoundBeiHiiliBB  bucket. 


Orange  Peel  Bucket. — ^The  orange  peel  bucket  (Fig.  8)  consists  of  three  or  more  curved 
triangular  steel  blades  which  when  closed,  form  a  half  sphere.     The  points  of  the  blades  are 
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reinforced,  as  teeth  ate  not  used  with  this  type  of  bucket.  From  each  blade,  one  arm  extends 
to  the  head  casting  and  another  to  the  counterweight.  Two  lines  are  used  to  control  the 
operation,  one  known  as  the  closing  line,  which  closes  the  bucket,  and  the  other  the  holding  line. 
The  holding  line  takes  the  dead  weight  of  the  bucket,  when  the  closing  line  is  released,  to 
allow  the  bucket  to  open. 


The  orange  peel  bucket  will  dii  in  more  resigUtit  material  than  will  tbe  clam  Bbell.     SmilL  or  dwarf  oranse  peil 

Handling  Bucket. — Steel  buckets  used  tor  handling  material  are  of  many  different  aizec 
and  Bhapee,  They  are  classified  according  to  the  mdnner  in  which  they  diechai^e — i.e.,  tilting 
or  bottom  dump  buckets. 

J  biDir«d  to  the  aidfs  of  the  bucket  whicb  u  held  in  the  upricbt  position 


The  liUinii  bucket  is  hung  hy  a  I 
y  a  catch.  Thie  bail  ig  fastcDcd 
squired  ta  dump  the  bucket  and 


cally  return*  to  ile  upright,  locked  ptaitioa. 

RooND  Buckets,  Heavier  Bottom  than  Sides 
(See  Fig.  9) 


Capacity 

Widtb 

Height  from  top           Depth  of  bucket 

Weight 

{eu.  (t.) 

Qache.) 

cfbail              1              «""-' 

(pound.) 

31 

33 

IS 

150 

33 

36 

175 

285 

21 

10 

51 

20' 

320 

M 

BOO 

42 

58 

71 

40 

760 

Str-Ught  .id« 

Mdde  with  double  b 

Width           Depth 

Capacity 
(eu.ft.) 

Length 

Width 

Depth 

^.Tft,}"         '    ^"^h    1 

g 

33 

2H 

18                            48 

37                  20 

3fi 

10 

21 

27                 1           52 

46 

36 

6S 

16 

48 

35 

..         1 

Sec.  6-le]  CONSTRUCTION  EQUIPMENT  843 

The  hoUom  dump  huektl  discharges  through  doors  in  the  bottom.  The  sizes  of  these  buckets  and  the  method  of 
opening  the  bottom  vary  with  di£Ferent  manufacturers.  In  general,  the  bottom  dump  is  square,  the  doors  being 
opened  through  a  leverage  system  actuated  by  a  man  stationed  at  the  point  of  unloading.  Some  buckets  are 
equipped  for  a  double  lino  enabling  the  hoist  and  discharge  to  be  controlled  by  one  operator. 

le.  Picks,  Shovels. — Where  the  amount  of  excavation  is  small  and  power  op- 
erated tools  cannot  be  advantageously  employed,  hand  methods  must  be  used.  With  these,  the 
ground  is  first  broken  up  or  loosened  and  then  loaded  into  barrows  and  wa^^ons  for  removing. 
Three  tools  are  used  for  thus  loosening  ground — ^the  pick,  mattock,  and  plow. 

The  pick  consists  of  an  iron  arc,  one  end  of  which  is  pointed,  the  other  slightly  flattened,  attached  at  the  center 
to  a  wooden  handle. 

The  mattock  is  similar  to  the  pick  but  has  a  broad  flat  edge  at  one  end.  This  tool  is  used  in  very  loose  soil  or 
for  tiimming  or  leveling. 

The  plow  as  drawn  by  one,  two,  or  four  horses  will  be  found  to  be  an  excellent  means  of  loosening  soil.  The 
sise  of  plow  and  number  of  horses  required  will  depend  on  the  nature  of  the  ground.  In  ordinary  loam  a  team 
should  loosen  from  40  to  50  yd.  per  hr.,  which  is  10  to  12  times  the  amount  a  man  with  a  pick  can  do  in  the  same 
time. 

ShoneU  shoidd  be  selected  as  to  their  wearing  ability  and  the  nature  of  their  intended  use.  A  shovel  may 
be  regarded  as  a  cutting  and  conveying  tool  with  the  steel  part  supplying  the  cutting  edge;  and  with  the  handle, 
the  means  of  conveying.  The  shape  of  the  cutting  edge  will  therefore  depend  on  the  material  to  be  handled;  and 
the  length  of  handle  wiU  depend  on  the  distance  the  material  is  to  be  moved,  and  the  working  space.  A  shovel 
holding  a  load  of  21  lb.  is  considered  to  be  the  most  efficient  as  regards  size.  A  round  pointed  shovel  would  be  used 
for  «<^g£p"g  in  hard  ground;  whereas,  a  square  pointed  one  is  suited  for  loose  materials,  such  as  sand,  or  for  hand- 
mixing  concrete. 

2.  Rock  Excavating  Equipment. — When  rock  in  any  quantity  is  encountered  in  excavating, 
some  means  must  be  employed  to  break  this  up  into  sizes  which  can  be  handled  and  removed. 
Two  general  means  for  this  purpose  are  at  hand — explosives  or  plug-and-feather.  In  crowded 
quarters,  where  injury  to  other  buildings  by  the  jar  or  by  pieces  of  flying  rock  is  liable  to  occur, 
the  use  of  explosives  is  limited.  However,  this  means  has  been  employed  even  under  the  above 
circumstances  and  may  have  to  be  resorted  to  where  the  rock  encountered  is  hard  and  not  easily 
split,  either  by  hand  or  machine,  to  a  size  which  may  be  handled  by  the  mechanical  means 
available. 

In  all  cases  where  an  explosive  is  used,  great  care  must  be  exercised;  and  in  most  localities 
certain  rules  are  in  force  as  to  its  storage,  handling,  etc.  Usually  a  licensed  powder  man  is 
required  for  this  work. 

2a.  Explosives. — Explosives  are  divided  into  two  classes  dependent  upon  the 
force  exerted — i.e.,  black  powders,  which  are  weakest,  and  dynamite  and  granulated  nitroglycerin 
powders,  which  are  the  strongest.     Both  require  the  utmost  care  in  handling  and  storage. 

An  explosion  results  from  chemical  action  between  the  components  of  the  explosive,  freeing 
a  relatively  large  volume  of  gas  at  high  temperature  with  greater  or  less  rapidity.  The  force 
exerted  by  this  gas  is  equal  in  all  directions  at  the  instant  of  explosion.  ''Tamping''  and  the 
shape  of  the  hole  will  therefore  affect  the  result  of  the  explosion.  In  every  case  the  explosive 
should  fill  the  hole  leaving  no  air  cushions.  Tamping,  therefore,  becomes  of  particular  impor- 
tance with  the  weaker  explosives.  Further,  all  holes  before  charging  should  be  cleaned  out  and 
water  removed.  If  seepage  occurs  so  that  it  is  not  possible  to  keep  the  hole  dry,  a  waterproofed 
wrapper  about  the  charge  must  be  used,  else  the  desired  explosion  may  not  occur  and  removing 
an  unexploded  charge  is  dangerous. 

Black  Powder. — Black  powder  is  a  slow  burning  powder.  It  coasists  of  65  to  75%  potas- 
sium nitrate,  15  to  20%  charcoal,  and  10  to  15%  sulphur.  This  powder  is  obtained  in  kegs 
weighing  25  lb.  or  more;  and  is  poured  through  a  funnel  or  tube  to  prevent  any  of  the  powder 
sticking  to  the  sides  of  the  holes.  In  cases  where  the  powder  cannot  be  poured,  it  is  made  up  in 
a  paper  cartridge  and  lightly  shoved  in  with  a  stick.  Such  a  coiitainer  may  be  readily  made  by 
wrapping  brown  paper  on  a  mandrel  slightly  smaller  than  the  hole.  If  necessary,  the  container 
may  be  dipped  in  hot  paraffin  and  made  waterproof. 

Blaok  powder  may  be  fired  by  a  battery,  or  by  a  fuse  which  is  a  core  of  gunpowder,  surrounded  by  tape.  One 
end  of  the  fuse  is  inserted  in  the  powder  before  tamping.  As  the  late  of  burning  of  the  fuse  is  known,  enough  should 
be  used  to  enable  the  operator  to  reach  a  place  of  safety.  An  "  electric  squib  "  lesombles  a  fuse  but  has  a  paper  cap 
instead  of  a  copper  one.     In  either,  a  spark  ignites  the  powder. 
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Powder  is  gmded  according  to  the  sise  of  tLe  grains,  smaller  grains  giving  quicker  burning  powder  than  large 
grains.  A  good  powder  is  dark  gray  or  slate  color,  and  should  leave  no  dust.  When  burned  on  a  sheet  of  white 
paper,  it  should  leave  no  residue. 

Dynamite  and  Nitroglycerin. — Nitroglycerin  is  the  basis  of  the  more  powerful  explosives. 
It  is  extremely  sensitive  both  to  heat  and  shock  and  for  this  reason  is  not  used  full  strength. 

Dynamite  is  any  absorbent  material  saturated,  or  partly  saturated,  with  nitroglycerin. 
It  is  known  as  "active"  or  "inactive"  according  to  the  nature  of  the  absorbent  material, 
commonly  called  "dope."  Porous  earth  and  wood  pulp  are  known  as  "inactive  dope"  as 
they  do  not  take  part  in  the  explosion  but  act  as  a  means  of  supplying  the  nitroglycerin. 
Gun(>owder  is  known  as  "aetive  dope"  as  it  takes  part  in  the  explosion. 

Dynamite  is  rated  on  its  percent  by  weight  of  nitroglycerin  when  absorbed  by  "inactive 
dope, "  t.«.,  a  40%  dynamite  would  contain  40%  by  weight  nitroglycerin  but  has  an  explosive 
strength  equal  to  that  of  40%  "inactive  dope"  dynamite. 

Dynamite  Ls  commonly  packed  in  paper  cartridges  from  6  to  16  in.  long  and  %  to  2  in.  in 
diameter,  the  most  common  size  being  IH  X  8 in.,  weighing  about  M  lb.,  a^d  is  shipped  in 
boxes  of  25  to  50  lb. 

A  strength  of  40%  is  most  commonly  employed  and  a  number  of  brands  of  various  composition  are  on  the 
market.     Three  brands  of  difTerent  strength  will  serve  to  illiistrate  these : 


Atlas  powder 
76% 


Giant  powder  No.  2 
40% 


Carbonate 
26% 


Nitroglycerin 

Wood  fiber 

Sodium  nitrate 

Magnesium  carbonate 

Sulphur 

Resin 

Kiselguhr 

Sodium  carbonate. . . . 
Woodmeal 


75  parts 

21  parts 

2  parts 

2  parts 


40  parts 

40  parts 

6  parts 
6  parts 
8  parts 


26  parts 
34  parts 


Mparts 
40H  part 


Dynamite,  while  an  effective  tool  in  the  hands  of  one  who  thoroughly  understands  it,  is  dangerous.  So  many 
factors  enter  into  its  behavior  and  affect  it  each  in  a  different  way,  that  only  experienced  men  should  handle  it. 
Tamping  should  not  be  omitted  as  greater  force  is  secured  when  the  gases  are  confined.  Band  may  be  poured  in 
first  to  fill  all  cracks  around  the  charge,  followed  by  stiff  clay  rammed  in  lightly  at  first  and  then  harder. 

In  charging,  the  sticks  should  not  be  rammed  into  the  holes  and  in  no  case  should  an  iron  bar  be  used. 

Dynamite  requires  a  shock  to  detonate  it,  which  is  supplied  by  a  copper  cap  containing  fulminate  of  mercury 
in  which  is  embedded  a  platinum  wire.  This  is  connected  by  wire  to  a  blasting  machine,  which  is  a  means  of  gen- 
erating current  to  heat  the  platinum  wire,  thus  exploding  the  fulminate  of  mercury  which,  in  turn,  detonates  the 
dynamite. 

Building  laws  in  various  states  cover  the  case  of  "misfire."  In  New  York  "tamping"  may  not  be  removed 
from  a  " misfire"  nor  can  drilling  proceed  in  a  hole  not  completely  fired  to  the  end.  New  holes  must  be  drilled  not 
less  than  12  in.  from  those  which  have  "misfired."  The  cause  of  miafire  may  be  traced  to  a  number  of  things. 
The  principal  causes  are:  defective  cap,  break  or  short  circuit  in  the  wires,  cap  too  weak,  battery  overloaded  or 
Improperly  operated. 

26.  Rock  Drills. — Drilling  in  rock  may  be  carried  on  by  hand,  by  churn  drills, 
or  by  machine  drills.  Hand  drilling,  unless  the  number  of  feet  to  be  drilled  is  small  or  the 
work  carried  on  away  from  means  of  getting  steam  or  air,  is  not  much  used  in  building 
operation.  Machine  drills  are  more  largely  employed.  The  smaller  types  of  machine  drills 
are  made  light  enough  so  as  to  be  readily  portable  and  easily  handled  by  one  man;  in  larger 
sizes  they  are  mounted  on  tripods  and  adjusted  to  drill  horizontally  at  an  angle,  or  vertically. 
The  smaller  drill  will  generally  be  found  to  be  handiest  except  in  cases  where  long  holes  and  hard 
rock  are  encountered. 

Hand  Drilling. — Hand  drilling  is  done  by  one,  two,  or  three  men.     Where  one  man  is  em- 
ployed, he  both  holds  the  drill  and  strikes.     In  soft  rock  or  in  constricted  quarters,  and  for 
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eballow  holes,  this  is  generally  considered  the  most  economical.  The  weight  of  bammeT  used 
is  4  to  5  lb.  As  the  hole  becomes  deeper,  a  heavier  blow  is  advantageous  and  two  or  three  men 
are  used,  one  to  hold  and  turn  the  drill  after  each  blow  and  one  or  two  strikers.  In  such  work 
the  hammor  weight  is  about  10  lb.  Light  blows,  delivered  in  quick  succession,  are  botl«r  than 
heavy  blows  having  long  intervals  between.  For  this  reason  two  and  sometimes  three  strikers 
are  employed.  Drilling,  like  every  other  operation,  requires  skill  and  judgment  on  the  part  of 
the  strikers  to  know  how  to  strike  the  drill  in  order  to  cut  and  keep  the  bottom  of  the  hole  clear 
so  that  the  drill  is  operating  on  solid  rock  and  not  on  loose  fragments.. 

ill  to  keep  the  powdnwl  rock  in  gunpennon,  formini  »  iMta  whioh  muat 
one  by  ■  "ipoon."  a  long  bar  wiUi  the  end  flattened  and  bent  iliahUy  at 
an  uDEle  to  the  bar.     WaeU  atUched  to  a  stick  wiU  alio  olno  the  hole. 

Drill  Steele  vary  in  Aie  for  different  methods  of  drilling.     A  diitl  of  K  to  ^  in.  in  diameter  is  mort  oomnoDl]' 

erallr  H  to  >i  in.  luger  than  the  diameter  of  the  rod.  Octagonal  steel  is  used  for  the  shank  as  this  eSen  a  better 
grip  than  the  other  shapts.  The  cuttini  edge  is  made  slightly  curvod  to  insure  a  etarting  point  and  to  allow  tor 
any  tiltiag  during  tbe  first  few  inches.  Hand  drills,  or  "jumpers"  u  tbny  an  called,  are  made  in  diEFerent  ahapM. 
The  ehisel  bit  is  the  one  most  commonly  used  with  hand  diilling.  Btar  and  row  blt«  aie  used  when  hole*  are  to  b« 
drilled  in  cement  or  brick  work  for  the  placing  of  eipansion  bolts,  pipes,  ete. 

Chum  Drilling. — Churn  drilling  consists  of  lifting  a  drill  rod  a  foot  or  more  and  then  allow- 
ing  it  to  fall.  The  drill  is  generally  double  bitted;  and  in  the  hands  of  skillful  men,  this  method 
is  good  for  drilhng  deep  holes.  The  number  of  men  may  vary  from  one  to  six,  but  with  the 
latter  number  it  is  best  to  provide  a  platform,  with  three  men  on  the  ground  and  three  on  the 
platform.  Cross  pieces  or  arms  are  bolted  to  the  drill  for  lifting.  One  is  provided  for  each 
pair  of  men.  For  shallow  holes  of  small  diameter  a  ball  is  welded  to  the  shank  to  give  additional 
weight.     When  this  Is  done  the  drill  is  known  as  a  "ball  drill." 

The  bits  uaed  are  the  same  as  for  the  "jumper"  drill  and  are  generally  made  of  ahcol  ■eetiona  ol  too)  itael 
weldftd  to  each  and  of  an  iron  bar  or  pipe.  The  bio*  depends  on  the  weight  and  velocity  ol  tall  but  care  muat 
be  need  that  the  weight  is  Dot  eicessive,  a*  there  will  be  a  loea  of  efficiency  il  too  many  men  are  required  te  handle 
tbediUL 

Machine  Drills- — -Machine  operated  drills  may  be  divided  into  two  main  classes  according 
to  whether  the  drill  steel  acts  as  part  of  the  piston  or  as  a  separate  unit.  The  former  is  called 
a  "piston  drill, "  and  the  latter  a  "hammer  drill." 

Pitton  Drill. — The  piston  and  piston  rod  in  the  piston  type  are  made  int^ral.  A  U-bolt 
chuck  is  attached  to  the  piston  rod,  into  which  the  drill  steel  is  clamped.  These  drills  are 
mounted  on  tripods  and  are  used  where  long  holes,  hard  rock,  and  high  air  pressures  prevail. 
In  general,  tripod  drills  are  used  on  outside  work,  as  due  to  their  weight  and  space  required  to 
set  up,  they  are  not  adaptable  to  cramped  quarters. 


Fio.  1!.— Sullivan  "Hyspeed"  rock  drill,  Sullivan  Machinery  Co.,  Chicago,  IQ. 

Rotation  is  provided  by  means  of  a  rifle  bar,  rawhet,  and  pawls;  and  may  take  place  on 
dther  the  up  or  dawn  stroke.  The  top  of  the  piston  is  hoUow  and  rifled  on  the  inside  bo  as  to 
allow  the  rifle  bar  to  fit  into  it.  The  rifling  may  be  either  right  or  left-hand,  but  is  usually  the 
latter. 

Two  methods  are  employed  to  actuate  the  piston.  Either  the  piston  in  lU  movsMient 
covers  and  uncovers  ports,  or  the  inoveni^nt  is  controlled  by  a  separate  valve  or  valves.     DnIlB 
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of  tha  first  type  are  now  practically  obsolete.     The  tappet  and  auxiliary  valve  drills  are  perhaps 
the  most  common  of  the  BecQnd  type. 
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Hammer  Drill. — Of  the  two  types  of  machine  operated  drills, 
probably  the  type  Tcnown  aa  the  "hammer  drill"  is  the  most  com- 
monly used  in  building  construction,  and  ia  operated  by  either 
steam  or  air  (Pig-  14).  While  electric  and  gasoline  drills  can  be 
obtaiDcd,  by  far  the  majority  of  work  ia  done  by  the  air  hammer 
type.  This  drill  is  made  by  a  number  of  manufacturers,  the 
principal  diflerence  in  design  being  in  the  valve  control  and 
means  of  rotating  the  drill  steel. 
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The  leed  in  varticsl  bolea  depends  od  tbe  veuiht  of  the  n 
denred.  tri[iodeorcoluninBsreKeneislly  usedif  thelengtbothok  nould  [in  a  man  to  bold  (he  drill.     Small  ■ 
nuy  be  abtaioed  in  irhicb  the  bwnmer  drill  ii  damped.     These  are  lifbt  and  the  drill  may  be  quiekly  moui 
them  when  it  ii  deaired  to  lue  a  tripod. 

Drili  Steel  and  Bits. — Aa  high  grade  alloy  drill  ateel  requires  low  heats  and  great  ci 
forging,  a  good  carbon  steel  ia  more  often  used.  Hollow 
ateel  bits  are  more  difficult  to  temper  and  drese  than  are 
solid  bits.  The  nature  of  the  rock  and  size  of  hole  should 
govern  the  grade  of  steel  chosen.  Octagon,  hexagon,  and 
round  are  the  shapea  commonly  used,  the  first  being  in 
special  favor  as  it  oSers  more  grip  to  the  chuck  and  there- 
fore is  rotated  better.  Steel  may  be  obtained  in  lengths  of 
from  2  to  25  or  30  ft. 

DiiUa  may  be  forgedi  dreeaed.  and  tampered,  either  by  band  or 
by  a  ipeeial  maBbine.    Where  the  operBtion  is  larte.  maebii 
be  employed  «i  they  will  give  better,  (alter,  and  mors  uaifor 

The  derien  of  the  bit  will  play  an  importaot  part  in  tl 
apeed:   and  here  again  the  sue,  ehape.  and  temper  will  depend 
degree  on  the  raekenr-ountered.     The  bite  shown  in  Fig.  IS  are  i 
cammonly    used    in    American    practioe.     Bita    o(  •everal  typa 
■bown  in  OiUett'a  Huidbook  of  Rook  Eioavation,  together  with  a 


MATERIAL  TRANSPORTING  BQUIPUENT 

Br  Nathan  C  Johnson' 

S.  Wbedbanows. — Wheelbarrows  for  construction  work  are  preferably  of  all  sted  cod- 
struction  (Fig.  16).  The  box  of  such  barrows  is  made  in  a  variety  of  shapes  and  sizes  to  meet 
different  requirements.  Where  the  material  to  be  handled  is  semi-fluid,  barrows  having  a 
deep  box  should  be  used.  The  efficient  use  of  wheelbarrows  is  limited  to  about  ISO-ft.  runs, 
and  in  general,*!!  will  be  found  better  to  have  men  to  load  other  than  those  running  the 
barrows  so  that  the  barrow  may  be  in  transit  a  greater  portion  of  time. 


4.  Wagons. — The  type  of  wagon  in  most  general  use  for  building  construction  purposes 

is  known  as  the  drop  boUovi.     Two  other  types,  though  not  so  extensively  used,  are  the  slat 
botltrm  and  end  dump. 

to  help  remove  (be  elau. 


848 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  6-5 


Drop  boUom  vxiQont  are  made  in  various  siiee  ranging  from  1  to  5-cu.  yd.  capacity,  the  stie  to  be  uaed  depend- 
ing on  the  conditiona  of  haul  and  the  loading  arrangements.  Wagona  of  1  to  2H  cu.  yd.  are  the  most  common. 
This  wagon  is  built  like  a  rectangtilar  box  with  sloping  ends  and  side  boards.  The  bottom  of  the  box  consists 
of  two  doors  opening  downward.  One  side  of  each  door  is  hinged  to  the  side  boards,  the  other  is  connected  by 
chains  through  pulleys  to  a  drum  under  the  driver's  seat.  On  reaching  the  place  of  unloading  the  driver  frees 
a  catch  which  permits  the  doors  to  open  and  releases  the  load.  The  doors  are  brought  back  to  the  closed  position 
through  a  ratcheted  lever  operated  by  the  driver  during  the  return  trip.  Except  for  the  time  required  to  load, 
this  typo  of  wagon  is  continuously  in  actual  transit,  as  it  is  not  necessary  to  stop  for  unloading  or  for  closing  the 
bottom. 

Bottom  dump  wagons  are  strongly  built  and  should  last  fiom  5  to  6  yr.  without  undue  repairs.  They  are 
equipped  with  heavy  tires  of  broad  tread  which  enables  them  to  be  used  in  fairly  soft  ground.  The  average  speed 
of  horse  drawn  wagons  is  about  2H  mi-  per  hr.  so  that  with  speed  as  an  item  on  long  hauk,  economy  may  lie  in  the 
use  of  automotive  trucks. 

6.  Auto  Trucks. — Automobile  trucks,  where  speed  and  long  hauls  are  incident  to  a  con- 
struction, are  found  effective  and  economical.  Auto  trucks  are  made  in  a  large  number  of  sizes 
and  types  and  are  rated  in  ton  capacity  instead  of  cubic  yards.  Their  capacities  run  from  1  to 
10  tons,  with  1,  3,  and  5  tons  the  most  common. 

Dumping  of  auto  trucks  is  accomplished  by  raising  the  front  part  of  the  body  through  power  means  provided 
for  this  purpose,  the  material  sliding  out  through  the  tail  gate.  Trucks  may  be  2  or  4-wheel  drive  and  2  or  4-wheel 
steered.  Each  has  its  advantages  and  special  uses.  Where  the  roads  are  soft  and  muddy,  a  4-wheel  drive  is  gener- 
ally considered  better  than  a  two,  as  a  greater  number  of  drivers  are  brought  into  play.  Two  wheel  drives  are 
more  common  at  present  and  give  satisfactory  service  under  most  conditions. 

The  use  of  light  weight  trucks,  many  of  them  fashioned  from  pleasure  car  chassis  of  one  make  or  another 
with  the  addition  of  ready-to-fit  bodies  and  reducing  drive  parts,  is  worthy  of  careful  consideration  on  small 
operation  where  the  cost  and  upkeep  of  larger  trucks  would  not  be  wax  ranted.  These  have  repeatedly  proven 
ibemselvet  eoonomical  and  useful  adjuncts  on  work  of  this  character. 1 
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PILING  AND  PILE  DRIVING  EQUIPMENT 

By  Nathan  C.  Johnson 

6.  Sheet  Piling. — Sheet  piling,  made  either  of  planks  about  2  X  12  in.  yi  size,  or  of  steel 
shapes,  is  driven  before  the  excavation  is  begun  and  generally  to  below  the  grade  of  the  final 
excavation.     Its  function  is  to  prevent  the  leakage  of  water  or  of  soft  materials,  such  as 

quick  sand,  and  to  withstand  the  lateral  pressure  of  adjacent 
ground. 

6a.  Wooden  Sheet  Piling. — When  timber  is  used, 
the  planks  are  driven  close  together  and,  to  secure  water-tight- 
ness, are  made  double  and  triple  lapped.  The  joints  in  use  are 
tongue-and-groove,  or  grooves  cut  in  each  side  of  the  plank  with  a 
tongue  driven  separately. 

What  is  known  as  the  Wakefield  pile  (Fig.  17)  consists  of 
three  planks  bolted  together  to  form  tongue  on  one  side  and  a 
groove  on  the  other.  This  gives  practically  water-tight  construc- 
tion but  as  the  planks  are  driven  as  a  unit,  the  resistance  to 
driving  is  increased.  By  careful  selection  and  grading  of  the 
center  plank,  a  good  joint  can  be  secured.  Three  advantages 
are  claimed  for  this  type  of  piling:  namely  (1)  knots,  cross  grains, 
and  other  defects  can  be  seen  though  it  is  unlikely  that  these  defects  would  come  at  the  same 
point  of  the  pile;  (2)  there  is  no  waste  in  forming  the  tongue  and  groove,  and  there  is  less 
tendency  to  buckle  or  warp  before  driving;  (3)  only  one  side  of  each  pile  is  sharpened,  the 
long  edge  being  placed  next  to  the  last  pile  driven,  which  crowds  the  new  pile  against  the 
old  one  and  helps  to  make  a  tight  joint. 

66.  Steel  Sheet  Piling — Steel  sheet  piling  has  rapidly  come  into  extended  use. 
While  the  first  cost  is  higher  than  that  of  wood,  its  life  is  longer,  and  the  pile  is  easier  to  drive. 
Also,  whereas  steel  sheet  piling  may  be  used  several  times,  timber  piling  will  not  survive  much 
over  1  to  3  drivings. 


PiQ.  17. — Wakefield  wood 
sheet  piling. 
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Steel  Bheet  piling  is  muds  by  a  number  of  manufacturers,  each  makii^  special  claims  for 
their  own  product,  such  as  intfirlockiog  features,  general  shape  of  the  crosa  secton,  aod  ability 
to  form  offsets  and  turn  C' 
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WidtK:  8  in.  between  joint  ci 
Thickneaa  of  metal:  ^e  in. 
Thicknesa  of  wall:  2^8  in. 
Weight  per  aq.  ft.  of  wall:  11.50  lb. 
WeiKht  per  linear  foot  of  pUtnR  section:  7.6< 
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Lackawanna  Center  Flange  Steel  Sheet  Piling 


This  type  (center  flange)  is  designed  for  construction  requiring  high  tensile  and  com- 
pressive strength  in  the  pile  section,  together  with  a  fairly  high  transverse  strength.  The 
center  flange,  as  rolled  on  this  section,  acts  as  a  stiffener  to  the  web,  increases  the  modulus 
of  the  section,  and  furnishes  a  means  for  attaching  transverse  ties,  braces,  etc.,  needed  in 
special  wor^  and  tie  rods  used  in  binding  on  protective  concrete  facing  in  permanent  protected 
construction.^ 

7.  Pfle  Driving  and  Pile  Pulling  Equipment 

la.  Pile  Drivers. — A  pile  driver  (Fig.  18)  is  used  in  driving  either  timber  or 
concrete  piles  and  consists  of  two  main  parts — the  bed  and  the  leads. 

The  bed  is  mounted  on  rollers  and  supports  the  operating  machinery.  Pile  drivers  are 
mostly  steam  operated  as  the  steam  hammer  is  commonly  used  in  driving.  The  operating 
machinery  consists  of  a  vertical  boiler,  engine,  and  two  drum  hoist — one  for  the  pile  line,  the 
other  for  the  hammer  line.  The  bed  is  composed  of  timber  sills  long  enough  to  allow  the  boiler, 
etc.,  to  be  set  back  from  the  leads  to  provide  proper  balance. 

^  Fzom  Lackawanna  Catalogue. 
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The  leads  are  long  vertical  membera,  rigidly  connected  to  the  eiUa  opposite  to  the  boiler  and 
framed  with  back  stays  to  form  a  tower.  The  leads  carry  at  this  upper  end,  sheaves  for  the 
hammer  and  pile  lines;  and  along  the  aides,  guides  for  the  hammer.  The  leads  Id  the  smaller 
drivers  are  composed  of  wood,  suitably  cross  braced,  with  the  front  open  to  allow  for  placii^  the 
pile  and  operation  of  the  hammer  (Fig.  18).  In  the  latter  sizes  the  leads  are  made  up  of 
structural  steel.  The  leads  must  be  of  sufiicieDt  length  and  strength  to  hoist  a  pile  from  a 
position  on  the  ground  to  starting  position  in  the  leads. 


In  drivinj  preoMi  toncrete  pilet,  tht  pilt  drivw  and  Itg  equipment 

a  called  o 

D  Id  wit  hatand  sreatec  stress! 

•  thao 

the  oaw  when  timber  piles  m  lued.     Piecut  piles  of  30-(t.  leagtb.  > 

0  4  tons,  and  larger  piles  aboi 

toDB  in  weicht. 

Locomotive   crane*  can  b«  made  to  serve  aa  pits 

rivera  and   in  a  number  of  instances  have  given  very 

om  the  boom  and  rigidly  connected  to  Ihe  bsM). 

In  driving  piles  belon  the  reaeh  of  the  leads,  two 

ethods   are   employed.      One   employs  a   "follower," 

Fio.  IS.— Steel  pile  driver,  HBym< 
Pile  Co.,  N.  Y. 


icketing  means  of  holdinii  the  two  ia  itroper  alignment.     The  other  method 
t  the  stationary  leads  and  handled  by  a  third  drum.     Tbia  latter  method  ■■ 

The  total  weight  of  a  pile  driver  will  depend  on  the  aiie  of  pile  to  be  driven  and  the  weight  ol  hammer  used. 

o(s  driver  using  SO-ft.  wood  leads  with  a  4000-lb.  hammer  which  will  require  an  8>i  X  lO-in.cngine  weighing  12,000 

Where  jetting  is  to  be  rairied  on  in  conjunction  with  pile  driving,  the  engine  is  equipped  with  a  third  drum  or 
niggerhead  to  carry  the  lines  supporting  the  jet  pipe  or  pipes, 

T6,  Pile  Hammers. — Hammers  used  with  the  pile  driver  and  for  driving  sheet 
piling  are  designated,  according  to  the  manner  of  their  operation,  as  drop  hammers  or  Bt«am 
hammers. 


S«c.  tt-Tftl 


CONSTRUCTION  EQUIPMENT 


853 


Drop  Hammers. — Drop  hammers  (Fig.  20)  are  so  called  because  they  consist  of  a  weight 
hoisted  to  Bome  dlHtanec  and  allowed  to  falL     At  the  top  ia  a  ring  t<i  attach  the  line  and  at 
the  sides  are  grooves  to  fit  the   guides  of  the  pile-driver  leads.     Drop  hammers  are  made 
relatively  long  to  insure  bearing  in  the  guides  and  to  prevent  jar  when  the  blow  is  struck,  but 
a  smat!  amount  of  play  is  allowed  in  the  jaws.     The  bottom  is 
made  slightly  concave  if  it  is  to  strike  the  head  of  the  pile 
direct,  but  when  a  cap  is  used,  the  bottom  is  made  flat.     The 
center  of  gravity  is  as  low  as  possible. 

Tlie  boiitiDE  and  releue  dI  drop  hammen  is  coDtrolled  in  two  van- 
Ona  ie  by  meaoa  of  a  (riction  clutch  on  Che  drum,  the  hammer  being  houted 
toadcaind  heiiht,  when  the  clutch  is  teleased.  The  blon  ie  therefore  equal 
to  the  hammer  weiebt  [hIUus  through  this  distance,  len  the  fiiction  of  the 
suidee,  and  the  pull  to  unwind  the  line  from  the  drum.  The  other  method 
ie  to  attach  the  line  to  a  blocli  whieh  contains  fingera  or  triuen  vhich 
automatically  release  the  hammer  at  a  d»ired  height.  Here  the  full  force  of 
weight  and  distance,  lees  friction  of  guidee  only,  is  utiliMd  in  driving. 

^ith  the  firit  urangemeat,  either  light  or  heavy  blowa  may  be  ob- 
tained and  DO  time  is  loat  in  recoDnecting  line  sod  hammer  after  the  blow 
ii  detivored.  In  the  second  ease  a  blow  of  a  set  value  k  struck  and  cannot 
be  altered  unleag  the  trip  for  the  trigger  is  changed.  Time  is  also  loat  in 
this  method  as  the  trigger  block  must  full  to  oonneet  with  the  hammer 

The  weight  of  the  hammer  used  with  any  rig  should  at  least  equal  the 
•eiaht  of  the  pile;  and  be«t  results  are  obtained  when  the  rstio  is  about  2  to 
I  in  favor  of  the  hammer,  so  that  the  pile  will  be  driven  into  the  ground  afler  f^g  20  — 
the  inertis  of  the  irile  luis  absorbed  its  portion  of  the  hammer  energy.    The  inn  Ir 

fall  should,   however,  not  be  too  great  as  time  is  thus  lost  between  blows. 
Better  result*  are  obtained  with  a  heavy  hammer  falling  a  short  distance  than  with  a  Ught  hammer  tailing  a  long 
disUnee.    An  average  weight  for  ■  hammer  is  3000  lb,,  and  falls  vary  from  5  to  20  ft 

Drop  Hammers 
Manufactured  by  Yulcan  Iron  Works 


10.  ih. 
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Steam  Hammers. — A  steam  hammer  is  one  in  which  the  ram  is  actuated  by  steam.  Steam 
hammers  may  also  be  operated  with  compressed  air,  but  where  air  is  used,  larger  exhaust  open- 
ings are  required  to  give  the  most  efficient  aervlce. 

The  hammer  is  divided  into  two  parts,  the  frame  and  the  striker.     The  frame  is  attached 


854 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec  fr-7& 


to  the  hammer  line,  has  jawe  od  the  side  to  engage  the  guides,  and  rests  on  and  is  free  to  follow 
the  pile.     The  striker  (or  striking  parte)  consists  of  a  Btcam  cylinder  and  piston.     The  striking 
weight  may  be  attached  to  either  the  piston  or  cylinder,  de- 
pendent upon  which  is  the  moving  part. 


Fio.  21.^WBrrineCoD  si»in  hsm-  Fia.  22.— Union  pile  hi 

mer,    ainxle    actinf-     Vulraii     TrOQ  double  Kclipg. 

Worlui.  Cfticgq,  Ilf 

St«m  hsnune™  may  be  either  lingle  actinj  (Fii21)~M  whEn  ««Mm  i»  employed  aimply  to  r»isa  tha  itriking 
weight,  irhich  then  hlla  by  snvity — or  double  soting  (Fiff.  22,  23,  and  24),  when  ttcva  Dot  only  iuha  the 
weight  but  ii  kilo  employed  to  aid  the  action  of  gravitv  in  Btrikiag  the  blow.     The  totnl  wpigbt  of  ■  steam 

hammer  ii  much  greatpr  than  the  weight 
cauBJDB  the  blow,  but,  u  the  frame  reata 
on  the  pile,  this  weigbt  Undi  to  keep  the 
pile  in  molion  after  it  is  slarted  and  eliro- 
inalea  vibratinn  to  a  large  degree.  The 
length  of  atroka  being  ihort.  about  21  to 

bion,  ao  that  the  pile  ia  in  more  nearly 
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Special  hammers  of  lighter  weight  and  having  a  special  cap  are  used  to  drive  sheet  piling. 
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Weights  and  Dimensions  of  Pile  Driving  Hammers 
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WARRINGTON  STEAM  PILE  HAMMERS 
Manufactured  by  Vulcan  Iron  Works,  Chicago,  111. 


(see  Fig.  21) 


0 

•1 

1 

•2 
2 
3 
4 
5 


16000 

7600 

180 

16H 

48 

10150 

5000 

159 

13H 

42 

9850 

5000 

156 

13H 

42 

6800 

3000 

144 

lOK 

36 

6500 

3000 

138 

lOH 

36 

3800 

1800 

114 

8 

30 

a350 

550 

84 

4 

24 

800 

>  •  • 

68 

10 

1( 

) 

4 

7H 

50 
60 
60 
70 
70 
80 
80 
,125 


60 

2H 

26 

40 

2 

20 

40 

2 

20 

25 

IH 

19 

25 

m 

19 

18 

iH 

18 

8 

1 

14 

10 

1 

10 

8K 

8M 
7K 
7>4 

4H 
4 


Heavy 
16"  sq. 
16"  sq 
13"  sq. 
13"  sq. 
10"  sq. 
4"  X 
3"  X 


concrete  piles 

,  or  rd.  piles 

,  or  rd.  piles 

or  rd.  piles 

or  rd.  piles 

or  rd.  piles 

12"  sheeting 

12"  sheeting 


0 
1 
2 
3 

4 
6 
6 

7 
8 


3 
2 
1 


2 
8 

4 
6 


9 
8 
7 
6 
5 
3 
2 
1 


UNION  PILE  HAMMERS 
Manufactured  by  Union  Iron  Works,  Hoboken,  N.  J. 


(sec  Fig.  22) 


12100 

2550 

8000 

1548 

5500 

890 

4500 

663 

2500 

363 

1400 

214 

850 

129 

365 

70 

135 

53 

118 
94 
81 
74 
60 
47 
40 
31 
31 


28 
28 
25 
23 
20 
17 
14 
10 
10 


20 

18 

15 

13 

11 

9 

8 

6 

'   6 


lOH 

24 

100 

9H 

21 

110 

7yi 

16 

130 

6K 

14 

135 

5K 

12 

150 

^H 

9 

200 

3^ 

7 

250 

2H 

5 

300 

2H 

5 

300 

50    750 


30 

18 

15 

10 

8 

5 

3 

3 


600 

300 

200 

150 

100 

60 

40 

40 


2 

IH 

IK 

IK 

1 

1 

H 
H 
H 


28 
28 
25 
23 
20 
17 
14 
10 


8H 
8H 
6H 
5H 
^H 
4H 
3H 
3H 


Heavy  concretepiles 

18"  sq.  or  rd.  piles 

14"  sq.  or  rd.  piles 

10"  sq.  or  rd.  piles 

6"  X  12"  sheeting 

4"  X  12"  sheeting 

2"  X  12"  sheeting 

1"  X  6"  sheeting 


GOUBERT  STEAM  PILE  DRIVING  HAMMERS 
Manufactured  by  A.  A.  Goubert,  New  York,  N.  Y. 


(see  Fig.  23) 


5000 

1500 

76 

29 

17 

8 

14 

140 

50 

570 

2 

24 

3400 

800 

62 

24 

14 

6K  10 

160 

25 

300 

IH  !22 

950 

200 

43 

16 

lOH 

4 

8 

200 

10' 

120 

IK 

■  •  ■ 

8K 

6K 


18"  sq.  or  rd.  piles 
12"  sq.  or  rd.  pilee 
4"  sheeting 


NATIONAL  STEAM  PILE  HAMMERS 
Manufactured  by  National  Hoisting  Engine  Co.,  Harrison,  N.  J. 


8000 

1500 

94 

26 

26 

9 

16 

115 

35 

600 

2 

26 

6600 

1025 

81 

24 

24 

7K 

12 

150 

25 

300  IK 

24 

3500 

676 

73 

20 

17K 

6 

10 

170 

15 

200 

IK 

20 

1500 

310 

60 

16 

16 

4H 

9 

200 

10 

150 

1 

16 

800 

145 

46 

l^H 

13K 

3H 

7 

250 

5 

75 

H 

14K 

8H 

6K 
6H 
4H 

3^^ 


Med.  concrete  and 
18"  sq.  or  rd.  piles 
14"  sq.  or  rd.  piles 
6"  X  12"  sheeting 
4"  X  12"  sheeting 
3"  X  12"   sheeting 


McKIERxNAN-TERRY  PILE  HAMMERS 
Manufactured  by  McKiernan-Terry  Drill  Co.,  New  York,  N.  Y. 


7500 

1250 

78 

21 

21 

15 

6300  1050 

76 

21 

21 

14 

5000 

800 

73 

21 

16 

12K 

2900 

400 

64 

15 

15 

9K 

1500 

200 

56 

11 

11 

7 

640 

68 

58 

9 

9K 

3K 

400 

47 

44 

7K 

6H 

4H6 

145 

21 

43 

8 

6 

2^i 

12 

lOH 
9K 
8K 
7 

5K 

5K 
3K 


200 
210 
225 
275 
300 
300 
4.')0 
500 


60 
50 
36 
25 
20 
15 
10 
10 


600 
600 
350 
275 
200 
150 
125 
100 


2 

21   1 

IK   21 

IK   21 

IK 

15 

IK 

11 

1 

9 

K 

7K 

^i 

8 

6K  to  10  18" 
6K  to  10  16" 
6Kto8K'14" 


5K  to  7K 
4K 


6" 
4" 
3" 
3" 


(see  Fig.  24) 

sq.  or  rd.  piles 
sq.  or  rd.  piles 
sq.  or  id.  piles 
X  12"  sheeting 
X  12"  sheeting 
X  12"  sheeting 
X    8"  sheeting 


2"  X  10"  sheeting 


INGERSOLL-RAND  SHEET  PILE  DRIVER 
Manufactured  by  Ingersoll-Rand  Co.,  New  York,  N. 


Y. 


Gl 


i^^p>i^p^r««> 


1200 


200 


80 


UK 


11 


7K    300      10  ,110      IK 


4"  X  12"  sheeting 
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7c  PUe  Caps,  Points,  and  Pullers. — With  timber  or  concrete  piles,  a  driving 

cap  is  used  between  hammer  and  pile  head.    This  cap  [F«.  26)  consists  of  a  metal  block, 

one  side  of  which  is  concave,  the  other  recessed,  in  which  is  fitted  a  round  wood  cushion  block. 

In  cross  section  it  resembles  a  drop  hammer  having  jaws  in  the  sides  to  engai^  the  guides 

and  is  attached  to  the  hammer  by  rope  slings.     When  a  cap  is  used,  the  hammer  base  is  flat, 

but  with  timber  piles,  if  no  cap  ia  used,  the  base  is  concaved  to  fit  the  head  of  the  pile.    If  the 

use  of  such  a  cap  is  insufficient  to  prevent  brooming  or 

I  sphtting  of  the  head  of  a  pile,  an  iron  ring,  made  from 

[5        flat  wrought  iron  from  2  X  ?|  in.  to  4  X  1  in.  may 

r  be  forced  over  it.     Such  rings  may  be  removed  and 

used  over  again  many  times. 


Flo.  25.— Rny 


Fia.  26.— Steet  gheet 


>F  tbc  LukMnnDa 


Pile  Points  or  Shoes. — Timber  piles  drive  better  in  ordinary  ground  and  with  less  danger 
of  splitting  if  the  tip  is  square,  and  without  point  or  shoe.  This  also  gives  a  better  footing  to 
the  pile.  When  coarse  gravel,  boulders,  and  the  like  are  encountered,  the  pile  ia  preferably 
pointed  to  reduce  splitting  and  crushing.  Likewise,  in  hard  compact  earth  which  must  be 
displaced,  pointing  is  found  to  give  better  results. 


ss  nil  mJdHional  mesiu  of  hol(<lnB  pile  and  Bhoe  tanethrr,     ThLs  rod  ia  from  8  to  1 
iuD  ba  made  [or  It  In  (h^  p<le,     Piecut  concrete  piles,  if  of  good  quality,  should  d< 

For  Sheet  Piling. — Caps  and  shoes  are  not  generally  required  for  timber  sheet  piling  as, 
to  their  section,  such  protectioji  is  pot  necessary,  ■  In  some  cases,  a  bolt  or  short  point  is 
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tached  but  as  a  means  of  keeping  the  groove  clean  throughout  its  length  so  that  grouting  may  be 
employed  to  insure  a  tight  waterproof  joint  rather  than  as  a  penetrating  point. 

Steel  Bhflct  piling  requifcfl  no  iliofl  ft*  it 
but  lisrd  rock  and  the  top  u  Buffidently  re- 
out  fcrioiu  injury.  Stumps  slid  Ion  ini 
saeily  cut  through,  u  is  riprap  or  soft  rock. 
Special  light  weight  hammfire  having  ^  rectau- 
gular  shaped  anvil  block  slightly  shoiter  than 
the  ahseting,  are  used  for  driving. 


(h  piling  pulli 
..ClevflsDd, 


iv  piling  «hBP»  to  the  various  types  of  hammerfl- 
Te  guides  are  used,  the  cap  is  equipped  witn  Jsw*. 
Isiujuiytothetopof  thepilebut  also  to  keep  the 
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Pulling. — Piles  and  sheet  piling,  particularly  steel  sheet  piling,  are  preferably  removed 
when  that  part  of  the  work  for  which  they  were  used  has  been  completed.  Piling  may  be 
removed  by  jacks,  or  by  inverting  the  hammer  if  a  steam  or  air  hammer  is  used,  or  by  levers. 

In  the  case  of  round  piles,  a  sling  is  put  around  the  head  and  attached  to  a  long  lever,  thici  lever  being  operated 
by  derrick,  jacks,  or  some  other  convenient  means  with  new  hitches  taken  as  the  piling  moves.  Often  it  is  neces- 
sary to  strike  a  few  blows  with  the  hammer  to  start  a  pile,  or  else  to  keep  the  sling  taut  for  some  time  before  the 
pile  begins  to  move.  Concret<»  piles  arc  not  used  for  temporary  construction  work  and  rarely  have  to  be  removed, 
though  the  same  general  procedure  outlined  above  would  be  applicable  to  them. 

Pulling  of  sheet  piling  is  done  either  with  levers,  hydraulic  jacks,  or  by  inverting  a  steam  hammv  (Fig.  29). 
With  either  of  these  appliances  a  yoke  of  steel  plates  having  holes  drilled  in  it  to  correspond  with  holes  in  the 
piling,  is  fastenod  to  the  latter  by  bolts  (Fig.  30).  The  upp^r  end  of  the  yoke  is  attached  to  the  lever  or  hammer 
and  power  applied.  Patented  pullers  are  also  used.  Several  are  shown  herewith  whose  aperations  may  be 
readily  understood.  The  principle  of  these  pullers  is  that  the  greater  the  effort  exerted,  the  greater  the  grip 
and  the  quicker  and  easier  the  release  after  pulling. 


PUMPING  EQUIPMENT 

By  Nathan  C.  Johnson 

Water  in  excavations  or  in  footings  or  trenches  must  be  removed  by  pumping.  The  size 
and  type  of  pump  to  be  provided  for  this  purpose  will  depend  on  the  amount  of  water  accumu- 
lated or  flowing  in,  the  depth  of  cut,  and  the  character  of  power  available.  As  clearing 
away  such  water  is,  in  most  instances,  a  necessity,  the  cost  of  the  operation  is  a  secondary 
consideration. 

8.  Hand  Lift  Pumps. — For  small  amounts  of  water  and  low  lifts,  the  direct  lift  hand  pump 
may  be  employed.  As  this  pump  is  made  of  either  a  sheet-iron  tube  or  square  wooden  box 
having  an  ordinary  flap  valve  at  its  lower  end  with  a  piston  carrying  another  flap  valve  worked 
up  and  down  in  the  tube,  it  may  be  constructed  on  the  job,  but  it  is  slow  in  operation  and  easily 
clogged  by  refuse. 

9.  Diaphragm  Pumps. — A  better  typeof  pump  even  for  small  quantities  of  water  with  low 
lifts  is  the  diaphragm  pump.  It  consists  of  a  rubber  diaphragm  containing  a  flap  valve  mounted 
horizontally  in  a  cast-iron  cylindrical  frame.  Connected  with  the  center  of  the  diaphragm  is  a 
pivoted  arm  which,  when  moved,  causes  the  diaphragm  to  act  as  a  piston  of  large  area  and  short 
stroke.  A  suction  line,  usually  of  rubber  hose  of  large  diameter,  connects  with  the  space,  or 
cylinder,  beneath  the  diaphragm  piston.  These  pumps  are  preferably  actuated  by  a  gasoline 
engine,  but  hand  or  motor  drive  may  be  had.  This  type  of  pump  will  not  become  clogged 
easily  and  will  pass  straw,  leaves,  etc.,  and  may  be  obtained  mounted  on  a  small  truck,  so  as  to 
be  portable. 

Hand  operated  diaphragm  pumpe  have  a  capacity  of  30  to  100  gal.  per  min.  A  pump  of  60  gal.  per  minute 
capacity,  weighing  75  lb.,  will  cost  about  S35  not  including  strainer,  foot  valve,  and  hose.  These  arc  extras  with 
all  pumps. 

Gasoline  driven  diaphragm  pumps  range  in  capacity  from  30  to  300  gal.  per  min.  Such  a  pump  mounted 
on  iron  skids  and  having  150  gal.  per  min.  capacity  for  lifts  up  to  20  ft.,  will  weight  62$  lb.  and  cost  about  $325. 
Truck  mounting  will  increase  the  weight  slightly  and  the  cost  about  S25. 


Hand  Operated  Diaphragm  Pump8^ 


Number 

Si«e  of  pipe 
suction 

Gallons  per 
stroke 

Gallons  per 
hour 

1 
2 
3 

2H  in. 

3  in. 

4  in. 

IH 

2H 

1800 
3500 
6000 

1  Capacity  based  on  40  strokes  per  minute. 
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PowEB  Operated  Diaphraqm  Puups 


■ 

1                   Eip 

«rt 

Outfit 

Howpovrw 

DDC 

pump  cap. 
(rbI.  per 
(ht.) 

Si»  sue. 
(incheB) 

(pounds) 

Bhip.  wt. 

(pOIIDd>) 

Approi. 

ship.  wt. 
]      (pcunilB) 

Appror. 

«u.  [t. 
spue 

202 

Jr.  (1  hp.) 

3000                   3 

400 

550 

1           700 

36 

203 

IH 

3000 

30 

3000 

3 

eoo 

775 

52 

208 

825 

1           1040 

sa 

20S 

5O00 

* 

BOO 

107S 

, 

SB 

10.  Steam  (Siphon  Tj^ e)  Pumps. — -An  economical  steam-actuated  pump  much  used  in 
construction  work  operates  on  the  familiar  ejector  plan.  Its  lift  in  limited  but  the  amount  of 
water  handled  ranges  from  5  to  200  ^al.  a  minute  accordinR  to  size  and  boiler  pressure  available 
for  its  operation.  Its  main  advantages  are  portabiUty  and  freedom  from  breakdown,  as  there 
are  no  moving  paiiiS. 

The  pump  proper  coDfiLsts  of  a  discharge  pipe  open  at  both  end?.  .  Through  one  side  near 
the  bottom,  ft  small  pipe  is  inserted  and  bent  up,  preferably  at  and  conccniric  ivith  a  constriction 
in  the  internal  diameter  of  the  main  pipe.  The  other  end  of 
this  small  pipe  is  connected  to  a  steam  boiler.  The  discharge 
pipe  dips  into  the  water  at  its  lower  end.  Steam  issuing  from 
the  small  tube  forms  a  vacuum  in  the  pipe  sufficient  to  lift 
water  to  the  constriction,  then  carries  it  up  and  out  through 
the  discharge. 


The  pidtomOiT  (Fig.  : 
■ere  eteain  u  avulsble, 
[h.     Thu  pumpiBuid  U 

<  movinc  pbtani,  the  pu 


lilt  fairly 


IP  Co.,  N,  Y. 


Puliometer    . 


H,  Pressure  Pumps. — For  removing  water   from   deep 
foundations,  pumps  of  high  Uft  are  required.     Diaphragm  and 
pulsometer  pumps  are  sometimes  used  in  unwatcring  founda-   . 
tioDS,  the  latter  to  quite  an  extent,  but  centrifugal  or  steam  ^'"i 
cylinder  pumps  are  better  employed. 

llo.  Centrifugal  Pumps. — Centrifugal  pumps  comprise  a  circular  or  spiral 
ca^ng  having  suction  at  the  center  with  discharge  at  the  outer  circumference.  They  are  made 
vertical  or  horizontal,  but  the  latter  is  more  common  as  the  means  of  driving  is  simpler.  Inside 
the  casing  is  a  circular  disk  or  impeller,  provided  with  curved  vanes  which  revolve  at  high  speed 
throwing  the  water  outwardly,  so  that  it  escapes  under  pressure  through  the  discharge. 

Pumpa  of  thiB  type  ue  mude  either  einglB  or  multiple  atnge,  the  Utter  being  uveril  unite  pltued  in  ODecuInc 
to  incnue  the  lift.  No  valvea  except  ■  foot  valve  on  the  euctiou  lino  ue  rDguiregl  with  this  type  of  pump  and  for 
thii  reaMD  a  certain  amount  of  sand  can  be  handled  with  the  water,     Thii  will,  however,  cause  wear  of  the  btadi* 

Centrifugal  pumpa  nmy  be  driven  by  Meam  or  gssoliuc  eoginea,  but  owinj  to  the  high  rotative  speed  required, 
electric  motors  direct  connected  nre  preferably  UMd,  Kleana  of  priming  the  pump  must  be  provided,  such  aa  a  pet 
cock  at  the  top  of  the  casing  through  which  water  is  admitted  until  the  suction  line  and  casiriE  arc  lull  after  which 
■uctioo  is  established  and  mainUined  through  rotation  of  the  impeller  in  the  full  euing.     In  some  insUllations  a 


beat  auitnl  to  handle  large  ai 
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Numbers,  Sizbs,  Capacities,  Dimensions,  and  Weights  of  the  Improved  Pttubometer 


Siaes  of  pipes  (inches 


No. 


Steam    Suction 


Dis- 
charge 


Capacities  in  gallons  per  minute  at 
different  elevations  with  boiler 
power  usually  provided 
(approximate) 


25  ft. 


50  ft. 


75  ft. 


100  ft. 


Horse 
power  re- 
quired 


Dimensions  and 
weights 


Height 
(inches) 


Floor 

space 

(inches) 


Weight 
(pounds) 


2 
3 
4 
5 
6 
7 
8 
9 
10 


H 

IH 

IH 

25 

22 

18 

13 

4 

25 

14  X  13 

H 

2 

2 

70 

60 

48 

35 

5 

27 

17  X  14 

H 

2H 

2H 

125 

105 

90 

70 

6 

33 

19  X  19 

M 

3 

3 

200 

180 

140 

100 

9 

38 

21  X  22 

H 

3H 

3H 

350 

315 

240 

160 

12 

43 

23  X  24 

H 

4 

4 

450 

400 

300 

190 

15 

49 

25  X  26 

1 

5 

5 

750 

675 

500 

350 

25 

61 

32  X  33 

IH 

7 

6 

1100 

1000 

750 

500 

35 

72 

38  X  36 

2 

8 

8 

2200 

2000 

1600 

1100 

70 

88 

52  X  45 

95 

140 

295 

430 

670 

745 

1375 

2100 

3800 


115.  Steam  Cylinder  Pumps. — Steam  pumps  for  medium  or  high  lifts  are  built 
in  great  variety,  from  small  donkey  pumps,  in  which  a  steam  actuated  piston  carries  on  its 
outer  end  a  water  piston  working  in  an  opposed  cylinder,  up  to  large  duplex  pumps,  both 
simple  and  compound,  for  higher  pressures  and  equivalent  lifts.  For  very  high  lifts,  triplex 
or  quadruplex  pumps  may  be  used,  but  these  are  of  the  rotating  shaft,  crank-driven  type. 

In  all  cylinder  and  plunger  pumps,  the  maximum  suction  head  is  about  20  ft.,  which  necessitates  the  pumping 
machinery  being  placed  at  that  height  above  intake,  lifting  beyond  this  being  produced  by  positive  pump  pressure 
on  the  discharge  side.  In  construction  work,  they  have  as  a  disadvantage  their  inability  to  handle  sand  or  grit, 
which  cuts  the  cylinders  and  valves.  Care  must  therefore  be  taken  with  their  use  to  provide  proper  sumps  and 
adequate  settlement  and  straining-out  of  refuse. 

lie.  Triplex  Pumps. — Triplex  pumps  consist  of  three  cylinders,  each  connected  to 
the  suction  and  discharge  lines  by  manifolds.  A  crank  shaft  with  cranks  set  120  deg.  apart 
operates  the  pistons.  Each  cylinder  has  its  own  inlet  and  outlet  valves  so  that  each  works 
independently  of  the  others.  Triplex  pumps  may  be  driven  by  belts,  steam,  or  gasoline  engines, 
or  by  electric  motors.     They  are  rated  as  slow  speed,  or  about  100  to  150  r.p.m. 

This  type  of  pump  is  used  for  high  heads  ranging  from  100  to  500  ft.,  and  will  handle  from 
70  to  100  gal,  per  min.  They  are  mounted  on  a  solid  frame,  space  being  left  for  the  driving 
power. 
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12.  Handling  Forms  for  Concrete.' — Forms  should  be  so  designed  that  column  forms  may 
be  removed  first  without  disturbing  supports  of  beams  and  girders  in  order  to  give  early  strength 
to  columns  through  drying  and  hardening.  Beam  and  girder  slabs  are  next  taken  down,  with 
temporary  struts  having  wedged  bearing  against  planks  on  the  underside  as  temporary  sup- 
ports. Wall  forms  may  be  removed  when  the  concrete  is  suflSciently  hard  to  bear  its  own 
weight. 

Dependent  upon  the  size  of  the  form  panels,  their  weight,  and  the  headroom  available, 
one  or  another  method  of  handling  forms  may  be  adopted.  Derricks,  gin-poles,  and  winches, 
or  blocks  and  falls  enable  even  large  sections  to  be  readily  handled.  Smaller  sections  may  be 
better  handled  manually.  Initial  loosening  of  forms  may  be  brought  about  by  pinch  bars  or 
other  levers  by  pulling  with  blocks  and  falls,  or  by  jacks,  care  being  taken  not  to  pry  against 
green  concrete. 

*  For  forms  for  concrete,  see  Sect.  5,  Art.  39. 
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U.  Equipment  for  Bending  Reinforcement 

13a.  Hand  Benders. — Fig.  34  sliows  the  Univeraal  bar  bender  which  may  be 
fastened  to  any  bench  or  plank.  It  Lb  a  light  portable  device  weighing  about  60  lb.  and  capable 
of  bending  all  ordinary  sizes  of  reinforcing  bars  to  any  angle  desired  without  any  adjustment 
.  being  necessary.  The  lop  half  of  the  bender  can  be  removed  and  used  to  bend  bars  after  they 
are  in  place.  The  bar  rolls  around  the  pin  in  bending,  thus  distributing  the  strain  along  the 
bar  and  reducing  the  chances  of  fracture  at  the  bend.  The  bender  is  equipped  with  a  5-ft. 
crowbar  for  a  handle  which  may  be  removed  and  used  for  other  purposes.  To  bend  large  bars 
easily,  the  handle  should  be  lengthened  by  using  an  iron  pipe  over  the  crowbar. 


35.— WsIUm  bar  bender. 


A  bu  bender  d«rictied  for  heBvy  work  and  manufBctured  by  Itae  Wallace  SuppUn  Mfg.  Co..  Chicago,  HI.,  ia 
■ha*n  in  Fi«.  3S.  This  machine  has  an  auiiliary  ratchet  lever  which  opeiates  a  pinion  againat  a  Kriee  of  teeth 
in  the  trams  at  a  large  ratio,  thiu  developing  great  power.  The  rttchet  panel  may  be  tbrown  out  of  engagemeaC 
and  "■f*'""  operated  with  the  regular  lever  for  light  woili. 

13b.  Power  Operated  Benders. — Fig.  36  shows  a  power  operated  truck  mounted 
bar  bender  designed  to  bend  any  size  of  reinforcing  rod  that  is  likely  to  be  used  in  building 
operations.     Any  ase  of  bar  from  K  to  IHin-i  round,  square,  or  deformed,  can  be  bent  to  any 


Fia,  Sa. — Power-operated  bar  bender. 

angle  desired;  or  spirals  formed  from  6-in.  diameter  to  any  required  size.     Weight,  complete, 
ready  for  shipment,  2700  lb.     The  machine  is  manufactured  by  Kardong  Bros.,  Minneapolis, 

14.  Macbine  vs.  Hand-mixing. — Except  in  relatively  small  quantities,  hand-mixioK  of 
concrete  is  not  to  be  economically  considered.  Furthermore,  hand-mixing  is  inferior  to  ma- 
chine-mixing, with  no  comparison  in  quantity  output.  The  province  of  a  mixing  machine  is 
essentially  the  thorough  incorporation  of  materials — one  of  the  fundamentals  in  the  production 
of  sound,  enduring  concrete.  Mixing,  therefore,  should  be  accorded  the  respect  due  its  impor- 
tance, and  the  best  possible  means  chosen  for  its  accomplishment. 
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IS.  Types  of  Hlzers. — The  general  types  of  mixers  which  have  endured  and  are  on  Ihe 
market  at  the  present  time  may  be  clasBified  aa  drum  mixers,  trough  mixers,  gravity  mtxera,  and 
pneumalic  mixers. 

16a.  Drum  HixecB. — Drum  mixers  (Fig.  37)  are  essentially  of  a  type,  differing 
mainly  in  excellence  of  mechanical  construction  and  arrangement.  The  action  of  all  of  them 
is  about  the  same  so  far  as  mixii%  is  concerned,  the  operation  being  accomplished  by  agitation, 

lifting,  and  pouring  of  the  several 
materials  by  blades  and  scoops  at- 
tached to  the  inaide  of  the  mixer 
drum.  With  the  exception  of  tilt- 
ing mixers,  discharge  of  the  mate- 
rials from  thedrum  is  accomplished 
by  inserting  a  trough  into  one  side 
of  the  drum,  in  such  position  as  to 
catch  the  concrete  as  it  is  poured 
from  the  mixing  buckets.  Minor 
differences  in  charging  mechanisms 
and  arrangements  are  to  be  noted 
in  different  makes,  but  the  action 
of  all  is  essentially  the  action  of  a 
churn,  in  which  capacity  they 
Fig  37  —Drum  miHr  would     function     if     filled    With 

cream,  instead  of  with  stone,  sand, 
cement,  and  water. 

Of  the  low-charging  mixers,  the  mixer  shown  in  Fig.  38  is  typical.  Small  pot  mixers 
such  as  shown  in  Fig.  39  are  excellent  for  small  work. 

ISb.  Trough  Mixers.— Trough  mixers  are  pa^idle  mixers  of  one  type  or  another. 
They  may  be  batch  mixers  of  the  shoveling  type  (Fig.  40)  or  continuous  mixers  (Fig.  41)  in 
vhich  a  sectional  screw  rotates  inan  open  trough.  Continuous  mixers  have  not  met  as  general 
favor  as  have  batch  mixers  since  many  engineers  object  to  these  mixers  on  the  ground  of  un- 
certainty of  charging  operations. 

16c.  Gravity  Mixers. — 
Gravity  mkers  are  essentially  a  aeries  of 
large  funnels  or  pans  suspended  one 
above  another  with  bottom  gates  which 
can  be  opened  successively,  permitting 
materials  to  flow  from  one  into  the  other 
with  incidental  mixing  to  a  greater  or  less 
extent.  Gravity  mixers  are  often  urged 
in  preference  (Ji  power-driven  mixers  on 
grounds  of  cheapness  In  operation  and 
low  first  cost,  permitting  their  being 
scrapped  when  worn;but  many  engineers 
do   not   advocate   their   use   because  of 

the  inherent  uncertainty  of  their  mixing  p     as  _r       h     *     d 

operation  and  oftentimes  the   require- 
ment of  detrimental  quantities  of  water  to  prevent  the  mass  sticking  in  the  pans. 

16d.  Pneumatic  Mirers. — Pneumatic  mixers  have  been  developed  by  various 
inventors.  At  the  present  time  there  are  two  main  types  on  the  market.  In  some  of  these 
machines  premixing  is  had  before  delivery,  cither  mechanically  or  by  the  citation  of  air  pres- 
sure, while  in  others  the  charge  is  introduced  int«  a  chamber,  dependence  of  mixing  being  placed 
on  what  may  happen  in  transit  through  pipes  under  the  delivering  air  pressure.  Pneum&tio 
mixers  have  their  own  particular  field — that  of  placing  concrctein  forms  where  access  is  particu- 
larly difficult  but  because  of  the  large  compressor  plant  which  must  be  installed  for  each  mixer. 
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and  tor  other  reasonB  which  are  v&lid  and  of  importance  in  many  classes  of  work,  their  use  is 
relatively  restricted. 

IS.  Hschlne  Mixtng. 

IGn.  Time  of  Hlxer  Operations. — Considering  the  concreting  plant  proper  as 
an  installation  for  mixing  together  raw  materials  to  form  concrete,  the  plant  cycle  can  be 
considered  as  complete  in  three  operations,  vie,  chai^og,  mbting,  and  diachorging. 

In  charging  and  discharging  the  mixer,  a  time  limit  is  imposed  both  by  the  physical  laws 
governing  the  flow  of  materials  from  one  con- 
tainer to  another,  and  also  (in  the  case  of 
power-leading,  or  side-loading  hoppers  in  par- 


Fid.  39. — Bmall  pot  miier.  Fia  40.— Batob  mi»r  of  tbe  ■hoveling  type. 

ticular)  by  the  phyaical  limitations  of  operatives  and  of  the  mechanism  itself.  As  plant 
refinements  are  given  consideration  (particularly  with  regard  to  the  gravity  loading  of 
measuring  or  charging  hoppers  from  overhead  bins)  this  loading  time  is  diminished;  but 
when  a  side-loadii^  hopper,  or  a  measuring  hopper  is  charged  by  wheelbarrows,  the  time  is 
lengthened  more  or  less  according  to  the  perfection  of  the  runway  arrangements  and  the  speed 
ftt  which  the  men  work. 

16Jt.  Time  of  Mixing. — Insufficient  time  is  given  to  the  mixing  operation  itself 
in  most  commercial  work.  Too 
long  a  period  may  possibly  be  in- 
dulged, but  it  usually  is  not;  and 
no  fear  need  be  entertained  of 
injuring  the  concrete  by  a  mixing 
interval  up  to  and  including  30 
min.  The  mixing  operation  proper 
comprehends  not  only  admixture 
of  materials,  but  also  reaction  be- 
tween cement  and  water  with  dis- 
tribution of  the  products  of  this 
reaction  over  the  surfaces  of  sand 
and  stone.  The  time  required  for 
such  thorpugh  incorporation,  and, 

tfl  a  certain  extent,  for  the  hasten-  "    '  """'  niiier. 

ing  of  the  reaction  between  cement  and  water,  depends  upon  the  adequacy  of  the  bladinfi  and 
cleanness  of  the  mixer.  Oftentimes  mixers  are  put  on  work  with  the  drum  half-choked 
with  concrete  or  full  of  holes,  or  the  blading  so  worn  that  they  cannot  handle  the  materials. 
Necessarily  siich  mixers  will  not  produce  the  same  result  as  a  clean  mixer,  properly  bladed 
and  having  a  tight  drum.    Also,  mixers  are  not  all  equally  efficient. 


HANDBOOK  OP  BUILDING  CONSTRUCTION 


elite 

Into  Ibe  in 

dSO 

1  miD.  ol  miiinc 

CfalyBnwIw 

Ob.  I 

empl 

n  minra  end  at 

■  hithwfirtteott 

Ihe 

attempt  with  one  miier 

set   out    coocref 

on  a  rapid-fire 

eehedule.      The  latter 

hod  often  brinm 

>  chain  of  unlort 

unste  conKqueDoei,  for 

BO 

only  i>  the  cana 

miud  and  the  eemeDt 

efficiently  u«d. 

vater  ia  nearly  alvayi 

■d 

ed  ii  order  to  nu 

the 

Ubor  of  mJiiDc 

16c.  Loading  the  Hizer. — There  are 
many  time  economiea  that  may  be  eSect«d  la  load- 
ing the  charge  of  materials  into  the  mixer.  Various 
types  of  loading  mechanism  have  been  designed  to 
meet  ditTe:ent  conditions  of  aervice  and  the  time 
cycle  of  each  is  different.  A  study  of  each  type 
will  show  its  adaptability  to  particular  needs. 

Chareins  Happrra, — Where  a  charfini  hopper  mounted 

^"^ic?  fra^'  ""'"'        ""  on  the  miier  trame  can  be  uawl,  aa  in  Fi«.  42.  the  limiution 

to  charEinf  time  ia  depecident  upon  the  deeipi  of  this  hopper, 

>e  of  jtH  ajdea  and  upon  thf^  Biie  of  opening  from  hopper  to  dnim-      Inaamuch  aa  thia  type  of 

«  ii  usually  loaded  by  gravity  from  luprrpoeBd   meaauring  hopperi,  like  conaideratiooa  muit  be 

dericee  have  been  inetalled  with  aD  intBtlockiogByslem.io  that  aaeQuenoe 
It  perfect  regularity  and  great  effieiency. 
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■itb  conwqiWDt  apeediiic  up  of  opeiradonl  aa  ii  the  caie  wIibii  all  parts  of  the  work  are  demandins  oonoleto  at  the 
•ame  time  tiom  a  nntJe,  oeatraliied  plant. 

16d.  MesBuiing  Materials. — It  is  often  takeo  for  granted  that  measurement  of 
materiala  for  &  concrete  batch  is  of  little  or  no  importance  and  that  it  can  be  accomplished  in 
almost  any  way.  It  is  probable  that  the  average  mix  varies  at  least  50%  in  its  proportions 
from  those  desired,  and  for  this  reason  alone  it  is  not  to  be  wondered  that  much  concrete  found 
on  every  hand  is  bo  variable  in  quality. 
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IT.  Transporting  and  Placing 
Concrete. — Providing  means  for 
transportii^  mixed  concrete  and 
for  placing  it  properly  in  forms, 

both  in  first  cost  and  in  ultimate  Fio.44 M  b 

effect,  rank  equal  in  importance 

with  the  operations  of  proportioning,  and  of  mixing  raw  materials.      In  mixed  concrete,  not 
only  are  the  raw  materials  to  be  handled  and  oftentimes  conveyed  to  considerable  distances, 
but  in  addition  this  must  be  done  at  low  unit  cost  and  in  such  a  manner  and  so  expeditiously 
as  to  protect  the  mixed  mass  from  injury. 
Them 
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17q.  BaiTows. — As  affecting  perhaps  the  great  bulk  of  concrete  used  today,  it  will 
be  proper  to  first  consider  the  use  of  barrows.  This  method  involves  less  original  plant  outlay 
than  the  others  before  enumerated.  In  many  instances,  the  cost  of  installation  of  an  elaborate 
plant  would  cover  not  only  the  coat  of  the  barrows  themselves,  but  a  great  part  of  the  entire 
cost  of  distribution  of  the  concrete  by  other  means. 

The  ordinary  wheelbarrow  having  a 
■  barrow  a  man  can  handle  about  l^f  to 

wldch  ifl  required  to  keep  the  materiale  fr 
a  large  proportion  of 
have  been  dealgned  Ic 

176.  Concrete  Carts. — Two-wheel  concrete  carts  (Fig.  45)  arc  better  adapted 
to  this  work  than  wheelbarrows,  both  because  they  can  carry  a  larger  load  and  also  because  this 
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load  is  balanced  on  the  wheels  themaelvea  with  little  or  no  strain  on  the  man.  The  usual  two- 
wheel  concrete  car  is  of  6-cu.  ft.  capacity  in  which  about  4}'i  cu.lt,  of  mixed  concretecan  be  carried 
by  one  man. 

In  this  comparison  there  are,  however,  certain  cost  olTsets  to  be  made.  Wheelbarrows 
require  less  scsffoldji^  than  do  the  heavier  and  wider  carta,  bo  that  the  coat  of  this  runway  must 
be  carefully  estimated.  When  runways  must  be  elevated,  the  showing  becomes  more  favorable 
for  carts,  as  bents  or  supports  for  wheelbarrawa  must  be  practicaJly  of  the  same  size  and  strength 
aa  those  for  carts.  Turnouts  and  gangways  must  in  both  cases  be  of  ample  width  so  that  there 
may  not  be  congestion  in  the  passing  of  full  and  empty 
carts  going  to  and  returning  from  the  forms. 

17e.  Buckets. — There  is  a  great  variety 
in  types  of  buckets  adapted  to  the  distribution  of 
concrete.  Some  of  these  buckets  are  straight-side 
skips,  aa  in  Fig.  10,  p.  842  adapted  to  dump  by  over- 
turning. Others  are  bottom  dumping  buckets  oper- 
ated by  a  man  at  the  form;  and  these  bottom  dump- 
ing buckets  may  be  of  various  patterns,  adapted  to 
some  particular  use.  An  example  of  this  sort  of 
bucket  is  shown  in  Fig.  II,  p.  842,  in  which  the 
bottom  is  BO  constructed  as  to  form  a  long  narrow 
opening,  actuated  through  a  powerful  lever  mechan- 
ism. A  great  variety  of  these  devices  is  on  the 
market  and  the  needs  of  each  particular  situation 
must  be  studied  antl  met  by  as  specialized  a  product 
for  that  use  as  financial  considerations  will  permit. 
I  tld.  Spouts  or  Chutes.^The  handling 

I  of  concrete  through  spouts  or  chutes  at  the  present 
Fia.  48.— ConcteiB  buggy.  *""*'  '*  '"  """"^^  extensive  use  than  any  of  the  forego- 

ing methods  of  distribution,  with  the  possible  excep- 
tion of  distribution  in  carts.  The  economic  features  of  spouting  are  attractive.  To  raise 
concrete  vertically  in  a  tower  by  means  of  a  skip  bucket  and  engine  located  at  the  central  mixer 
plant,  then  distributing  by  gravity  through  channels  which  can  be  arranged  in  convenient  sec- 
tions to  cover  any  area  with  a  radius  from  10  to  300  ft.  from  the  base  of  the  tower,  appeals 
Strongly  both  to  engineering  and  to  business  senae.  Further,  the  ease  of  handling  by  gravity 
is  usually  greater  and  the  time  cost  per  cubic  yard  for  placing  is  usually  less  than  in  transfer- 
ring the  same  quantity  of  material  in  hand-barrows,  in  cableway  buckets,  or  in  cars.  Yet  in 
spite  of  its  many  good  paints,  the  convenience  of  spouting  has  brought  about  many  abuses. 

In  all  BpoutiiiE  instBUatioDB,  care  muit  be  taken  to  have  tbe  chutes  Bt  b  workiDg  indinalian.     Furthtrmore.  it  is 

u.  therefore,  a  wet  coocrele  will  Haw  50  It.  with  the  pitch  o[  1  in  6  it  beconiea  necwiary  to  incrcaBc'thig  pitch  to 
1  in  4  for  BdiatributiDg  distance  of  100  tC,  while  a  distance  of  300  or  400  ft.  will  requirp  a  pitch  ot  1  in  3.  The  stopca 
aa  above  descrilKd  ate  based  upon  chute  riaidly  supported  having  unifoim  jnlch  throughout;  and  it  would  be  eveo 
better  to  increase  thia  pilch  in  order  Chat  eonerctei  ot  a  drier  conaiatency  may  be  used. 

ITf.  Sections  Used  In  Spouting.— It  is  desirable  that  concrete  spouting  be 
arranged  in  a  series  of  units  which  may  be  assembled  in  various  combinations.  Continuous- 
line  spouting  should  be  changeable  to  swivel-head,  or  swivel-head  to  continuous-line,  as  the 
conditions  of  the  work  require,  it  being  necessan,',  of  course,  to  have  in  stock  a  supply  of  the 
necessary  units.  This  interchangeability  is  of  great  value  in  service,  for  spouts  wear  at  the 
head  andfootof  each  unit  of  length.  By  reversing  a  trough  section,  end  for  end,  when  showing 
heavy  wear  at  one  point,  a  now,  unworn  surface  may  be  put  at  point  ot  greatest  wear. 

A  standard  trough  section  is  made  of  No.  14  gage  steel,  forming  a  trough  8>^  in.  deep  by 
lOin.  wideontop.     The  bottom  is  curved  to  practically  a  semicircle  of  4-in,  radius,  the  upper 
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part  of  the  Bide«  being  straight  and  tangent  to  the  curve.     Each  section  ia  punched  with  stand- 
ard spacing,  arranged  for  connecting  all  of  the  various  attachments. 

The  hopper  head  attached  at  one  end  for  receiving  the  concrete  from  the  bin,  or  from  an 
upper  trough  section,  forma  one  point  of  support  of  the  next  trough  section.  At  the  other  end 
IB  the  splash  hood.  By  fastening  the  hopper  head  to  the  trough  section  at  one  end,  and  the  splash 
hood  at  the  other,  we  have  the  complete  trough  section,  Fig.  46.  These  24  x  24-in.  hopper 
heads,  as  well  as  the  splash  hoods,  can  be  bolt«d  to  either  end  of  any  standard  trough  section. 


Fie.  47  abowstbetwivsI-hiwkuMdinmBkiiiKtbBBeiible  jaiatb«twMaiiuii«MivetrouahH«tioiutariwiT*l 
IttBd  (pouUng  uid  iliaira  out  of  tbeM  Joiata,  in  wbinh  tlie  upper  line  o[  ipaiiiiDs  is  aupportsd  by  a  (nD  sod  tuikl 
Mtkshcd  to  tha  bull  on  the  iplsab  hood;  while  the  lower  lioe  ia  aupportsd  by  the  BWiret-hook,  oonaMtinE  the  loin 
lioppn  hokd  irith  the  ipluh  hood  of  the  upper  line.     The  awivel-hooli  ia  kept  cleu  ol  the  p*lh  of  tbe  eoaoRla. 


Fia.  47.— Swinlhaok. 

iDiome  raatM  it  i*  dedrabla  to  have  a  Seiible  jtuDt  in  eoDtiuuaiu-line  ipoutiai.  la  thia  cue  the  two  Metiana 
an  put  tacstha-  in  a  diflereat  manner.  Fig.  48,  where  both  the  hopper  bead  aod  the  apUab  hood  are  diapenaed 
with.  The  haocar  plate  ia  here  uaed  id  iwnjunctioa  with  a  apecial  yoke,  after  one  ol  tbe  anEke-iroD  yokea  haa  been 
remored.    Thia  allowa  a  aHgW  movement  udewayt.  without  requiring  the  attach  menta  (ot  the  swival-head  operation. 

Varlona  typea  of  apoutiog  have  been  tried,  ranging  from  round  pipe  to  rectangular  troughs.  Beat  reaulM 
ban  baen  aeeuied  froni  the  use  gf  S-in.  pipea,  or  lO-in.  open  trougha,  the  latter  having  the  preference  for  flat  alopea, 
and  the  fomiet  where  tbere  ii  neoeaaity  for  varying  pitch,  with  a  likelihood  of  aleeper  pitch  than  named  above. 
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Fia  4S. — Remixlni  bopp«r. 
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The  sTFAteet  ilvma 


:  the  u»  of  remiiiiK  boppen  (Fi, 
/  th«  neceuaiy  chaamfl  ia  pitch- 
f  expeoae  in  spoutlEm  planta  are  (ii 


li  fleidble  tpautinc  (Flc,  50) 


Fin.  50.— Fleiibleap 


It  bolU  or  riT«U  pugini!  Ihroufh  the 
knd  the  kdvintBge  of  loskiiig 
)  renewal  of  work  Bectioue  >everBl[y.  iaHimd  ol  reneiring  the  lensth  of  spout  u  ■  whole.      Thi*  type 
rea  b  spout  which  is  atiff  iu  all  lUtectiooa.  a  poiot  of  cooaiderablo  importanoe. 

17/.  Hoists. — Whether  the  distribution 
is  by  spouts,  by  ciirts,  or  by  barrows,  it  has  become 
geacr&l  practice  on  all  work  extending  above  ground 
to  hoist  tha.  concrete.  For  this  purpose  a  tower  is 
praetically  indiepenaahle. 

It  will  ordinarily  be  found  advisable  to  install 
the  hoist  at  the  beginning  of  operations,  since  by  so 
doing  the  mixer  may  readily  be  set  so  that  the  opera- 
tion of  chargii^  may  be  facilitated,  priDcipoUy  by 
cutting  out  ioclinea,  with  resultant  saving  in  labor. 

Towers  are  constructed  of  steel  or  wood.     The 

hoist  bucket  should  be  constructed  on  the  simplest 

lines  without  catches  or  trips.-     A  substantial  bail 

made  of  two  3-in.  Z-bars  back  to  back,  is  arranged 

to  operate  between  two  5^-iu.  wooden  guides,  and  is 

fitted  at  the  lower  end  with  journals  in  which  rests 

the  bucket  trunnion.     In  setting  up  the  tower  and 

bucket  it  is  advisable  in  all  cases  to  set  the  bucket  so 

that  it  ia  balanced,  and  to  this  end  the  front  guide 

should  be  so  set  as  to  be  almost  in  contact  with  the 

nose  of  the  bucket  when  the  latter  is  pushed  back  to  a 

point  where  the  toad  will  tend  slightly  to  press  the 

stops  on  the  sides  of  the  bucket  backward  against  the 

bail.     Friction  of  the  nose  against  the  guides  is,  by 

this  means,  cut  down.     By  removing  the  front  guide 

Pia  G2  ^Typical  hoiat  **■  ^"^  point  in  the  height  of  the  tower,  and  placing  a 

block  on  the  back  of  the  latter,  the  bucket  is  canted 

forward  so  that  it  will  drop  its  contents  out  through  the  opening  made  by  the  removal  of  the 

front  guide.     The  bucket  automatically  rights  itself,  and  is  pulled  back  into  position  by  the 

weight  of  the  boil  when  the  operator  releases  the  brake. 
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A  typioal  hoiat  is  shown  in  Fig.  52,  operating  in  connection  with  a  mixer,  the  power  being  taken  from  an 
eztenaion  of  the  mixer  shaft.  The  power  equipment  of  the  latter  should  be  of  suflSdent  capacity  to  open^te  both 
mixer  and  hoist  at  the  same  time. 

At  any  desired  height  a  bin  or  hopper  is  set,  into  which  the  material  is  discharged  by  the  hoist  bucket.  From 
this  point  distribution  may  be  effected  by  wheelbarrow,  cart,  ear,  or  spout,  either  separately  or  in  oombination. 
The  gate  of  the  hopper,  under  manual  contiol,  regulates  the  flow. 

X7g.  Spouting  Plants. — Spouting  plants  may  be  classed  as  hoom  ptantSj  gujf-Une  ptanU^  and 
tower  planU, 

Boom  PUmU, — In  boom  plants,  the  first  and  second  sections  of  spouting  are  mounted  on  a 
bracket  attached  to  the  hoisting  tower,  the  free  end  being  moved  by  tag  lines  to  the  position 
desired.  This  rig  offers  advantages  of  flexibility  and  freedom  of  movement  not  often  obtained 
in  placing  concrete.  Oftentimes  open-throated,  booms  (through  which  the  first  section  of 
spouting  is  carried)  are  used,  these  having  the  advantage  of  lending  lateral  stability  to  the  qx>ut 
itself  as  well  as  of  economizing  space. 

Tovoer  Plants, — Tower  plants  are  of  like  general  feature,  but  the  spouting  line  is  supported 
at  ends  of  successive  sections  by  movable  towers  or  tripods.  A  plant  of  this  kind  is  less  flexible 
than  a  boom  plant,  but  is  more  flexible  than  a  guy-line  plant,  inasmuch  as  the  various  supports 
in  the  line  may  be  moved  successively,  rendering  possible  the  covering  of  a  very  wide  area  from 
a  single  hoisting  tower.  A  guy-line  plant,  on  the  contrary,  requires  under  like  circumstances 
that  the  whole  line  be  dismantled  and  set  up  again  in  the  new  location. 

Guy-line  Plants. — In  guy-line  plants,  the  spout  is  suspended  by  blocks  and  falls  from  guy 
lines,  or  special  cables  suspended  between  towers,  or  other  supports  especially  set  up  for  the 
purpose.  The  advantage  of  this  type  of  spouting  plant  lies  in  its  ready  adaptability.  It  is 
limited,  however,  in  lateral  movements  unless  its  deficiencies  are  supplemented  by^  take-offs 
at  various  points  with  small  boom  plants  or  supplementary  guy-line  plants. 

Combinations  of  Spouting  Systems. — Combinations  of  the  above  systems  are  used  advan- 
tageously in  one  way  and  another  in  order  to  surmount  special  obstacles.  Among  such  com- 
binations may  be  mentioned  a  rehoisting  tower  which  permits  covering  a  wider  area.  In  such 
a  plant  the  concrete  is  distributed  from  mixer  and  first  tower  through  chutes  to  a  hopper  at  the 
base  of  the  second  tower,  when  it  is  again  elevated  and  distributed  throughout  the  work.  A  care- 
ful study  is  required  in  order  to  make  spouting  plants  thoroughly  effective;  and  this  study 
should  always  be  made  before  the  job  is  started  to  make  sure  that  the  proper  radius  of  delivery 
and  best  arrangement' is  secured. 

Regtdating  Flow  of  Concrete  in  SpotUing  Plants. — It  is  quite  essential  for  the  proper  operation 
of  the  spouting  plant  that  concrete  should  be  u  niformly  and  continuously  carried  down  the  chutes. 
To  this  end  a  receiving  hopper  is  placed  at  the  head  of  the  elevating  tower,  with  a  man  in  control 
of  its  gate.  Upon  this  man  then  depends  to  a  large  extent  the  success  of  the  operation.  If  he 
permits  a  proper  amount  of  material  to  flow  into  the  chutes,  they  can  usually  be  relied  upon  to 
carry  it  freely  providing  they  are  disposed  at  proper  inclination.  If  he  sees  the  line  becoming 
choked,  upon  his  slackening  or  shutting  off  the  delivery  depends  either  a  speedy  clearing  of  the 
line  with  relatively  continuous  operation,  or  shutting  down  for  an  indefiite  period. 


WOOD  WORKING  EQUIPMENT 

By  Nathan  C.  Johnson 

r 

18.  Power  Saws. — Air,  gasoline,  or  electric  power  saws  will  be  found  economical  on  any  job 
where  wood  is  employed  to  any  great  extent.  Two  types  of  saws  are  available — one,  a  simple 
rotary  saw  mounted  in  a  small  frame;  and  the  other,  a  more  complete  unit  suited  to  all  usual 
wood-working  requirements  of  field  work. 

A  simple  portable  outfit  consists  of  an  electric  motor,  air,  or  gasoline  engine  together  with  a  table  or  supporting 
base  and  the  saw  mandrel  or  arbor.  The  motive  power  is  mounted  on  the  base  under  ihe  table  and  belt  connected 
to  the  arbor.     A  rip  or  cross-cut  saw  of  from  12  to  24  in.  may  be  placed  on  the  mandrel. 

Table  band  saws  may  be  employed  where  the  material  is  not  of  large  dimensions  and  where  irregular  shapes  are 
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to  be  out.     droular  rip  or  oro0»-out  saws  will  be  found  more  serviceable  than  band  saws  on  jobs  using  large  material 
in  straight  work. 

19.  Jointers. — Jointers  will  be  found  useful  where  many  close  fitting  joints  are  required 
and  may  be  obtained  as.  a  portable  unit  similar  in  general  features  to  the  table  cross-cut  saw. 

20.  Combination  Machines. — Combination  machines  including  all  the  above  units  may  be 
obtained  from  a  number  of  manufacturers,  and  have  proven  their  worth.  A  typical  machine 
carries  the  following  equipment:  18-in.  cross-cut  and  rip  saws,  boring  attachment,  6-in. 
cylinderical  jointers,  10-in.  emery  wheel,  saw-table  with  adjustable  gages  for  rip  and  cross-cut 
work,  and  a  6-hp.  gasoline  engine.  This  machine  has  ripping  ability  up  to  &-in.  lumber  and 
weighs  2400  lb.    The  weight  of  such  a  machine  is  prohibitive  of  easy  portability. 

Other  outfits  may  be  obtained  having  different  attachments,  such  as  circular  and  band  saws  combined.  A 
machine  weighing  700  lb.,  which  can  be  easily  moved  about  by  one  or  two  men,  is  equipped  with  10-in.  croas-cut  or 
rip  saw,  4-in.  jointer,  boring  machine,  6-in.  emery  wheel,  jig-saw,  8-in.  Dado  head,  and  4-hp.  gasoline  engine. 
The  nse  of  the  Uble  is  40  X  42  in. 

Data  on  typical  saw  outfits  of  these  heavy  and  light  types  are  given  below: 

Sise  of  wheeb 36  in.                  27  in.  20  in. 

Sise  of  Uble 28  X  32  in.  22  X  26  in.  22  X  18  in. 

Distance  from  saw  to  frame. 36  in.                  27  in.  20  in. 

Guide  raises'  above  table 14  in.                   12  in.  9  in. 

Length  of  blade 18  ft.  6  in.               14  ft.  10  ft.  5  in. 

8iie  of  tight  and  loose  pulleys 12  X  4  in.  10  X  3H  in.  7X    Sin. 

Speed  of  pulleys,  r.p.m 400-450              400-450  400-450 

Shipping  weight 1150                      700  425 

21.  Electric  and  Air  Driven  Boring  Machines. — Portable  boring  machines  for  wood  work- 
ing are  most  useful  appliances  and  save  much  time  and  labor.  These  are  fully  described  under 
''Steel  Erection  Equipment, "  the  same  machines  accommodating  both  steel  and  wood-working 
drills  and  bits.  In  use,  the  machine  is  held  against  the  work  by  the  operator,  as  no  positive 
high  pressure  is  needed  on  the  drill  bit,  as  in  boring  steel.  Such  portable  wood  drills  are  very 
convenient  in  use  and  work  rapidly. 


HOISTS,  DERRICKS,  AND  SCAFFOLDS 

By  Nathan  C.  Johnson 

82.  Hoists. — Hoists,  whether  actuated  by  hand  or  by  power,  are  devices  of  the  highest 
importance  to  all  building  operations.  Their  origin  is  unknown,  but  even  the  constructions 
of  remotest  antiquity  seem  to  bear  witness  to  their  use;  and  early  records  show  that  ancient 
hoists  contained  all  essentials  characteristic  of  the  present  day  refined  mechanisms. 

Hoists  of  today  are  classified  according  to  the  service  for  which  they  are  used,  as  elevator 
or  pile  driver  hoists,  and  also  according  to  the  number  of  drums  employed,  as  one^irum  or  two- 
drum  hoists.  In  addition,  steam  shovels,  locomotive  cranes,  pile  drivers,  and  other  pieces  of 
construction  equipment  are  provided  with  auxiliary  winding  drums  or  niggerheads  designed  to 
serve  as  hoisting  means  for  any  purpose  required;  and  these  may  or  may  not  carry  a  classi- 
fying name,  according  to  local  usage,  or  may  simply  be  termed  "drums,"  "niggerheads,"  or 
"hoists." 

22a.  Power  for  Hoists. — Steam  power  is  generally  employed  to  actuate  hoists  and 
other  parts  of  these  heavier  machines,  such  as  shovels,  cranes,  and  pile  drivers,  as  a  steam  boiler 
and  engine  make  a  complete  and  very  reliable  unit.  Usually  also  these  boilers  are  supplied 
mounted  integrally  on  the  frame  with  the  engine  and  drums  to  give  counterbalancing  weight, 
this  being  especially  needed  in  cranes  and  pile  drivers. 

Electric  motors  find  almost  universal  application  on  building  elevators,  both  during  and 
after  construction,  as  they  make  a  lighter  unit,  occupy  less  floor  space,  and  dispense  with  the 
smoke  and  dirt  of  the  steam  unit. 

Gasoline  engines  have  been  finding  increasing  favor  in  the  last  four  years  for  driving  one  or 
two-drum  hoists.    They  give  a  light,  portable,  independent  unit  capable  of  good  service. 
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The  drums  may  be  either  connected  direct  t< 
lighten  the  driving  unit  through  reduction  o 


the  engine,  i 


■  driven  through  chfuns  or  geais  to 


BnwD  *Ir  driven  ■■Dtfe  dn 
londa  up  to  lOUO  lb.  ftiid  aften  >r 


jt3001b.,udhBV 


In  practicallr  all  paver  houU  except 
Cserhe&dH.  And  recArdleu  of  the  type  of 
»er  enipluyed,  the  drum  (Fi«.  53)  ie  » 
st-irun    Bpool    fitted    with    a    ratchet 


m  afasft  to  whiFh  is  keyed  the  drivJDR  i 
utjve  portioQ  of  the  alutoh.       In  op< 


when  the  clutch  ifl  disencaged,  provides  meana  for 
lowering  loadi  by  gr»vity. 

SS6.  Hand-operated  Hoists. — 
Hand-operated  hoista  may  be  the  block  and 
fall,  difFerential  pulley,  winch,  or  crab  (Fig. 
56).  In  the  firet  two  types  mentioned,  no 
drum  is  provided,  the  line  being  allowed  to 
tie  as  it  is  hauled  in  or  is  coiled.  With  the 
crab  and  winch,  a  drum  is  provided  which 
is  driven  through  gears  to  obtain  power  and 
speed  ratios  suited  to  the  loads  and  the 
number  of  lines  on  the  blocks. 


kdaptable  and  convetiieDt.      Id  thnie  blocke.  lopcs 


I,  Clyde  Iron  Works, 


replaced  by  c 


through  a  chain  of  geui. 

S3.  Derricks. — Where  means 

must  be  provided  to  bring  mate- 
rials either  from  below  the  ground 
or  to  carry  them  above,  this  need 
is  convenieatlj'  supplied  by  a  der- 
rick. Two  types  of  derricks  are  in 
use,  their  difference  being  in  the 
means  of  supporting  the  mast  and 
angle  of  swing  of  the  boom. 

A  derrick  proper  consists  of  a 

!.  DuTuih.  Minn.  ""~  mast,  boom,  bull  wheel  and  means 

of  supporting  the  mast.      Where 

the  mast  is  held  in  place  by  several  ropes  attached  to  a  ring  at  the  top,  it  is  known  as  a  guy 

derrick   (Fig.   57);  where  two  solid  members   placeii   at   an  angle  with   the   horizontal   are 


FiQ.  6G. — 2  dium  u 


.t,  Clyde  Iron 
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used,  it  is  a  stiff-leg  derrick.  The  most,  boom,  and  legs  may  be  either  a  solid  etick  of  timber 
or  built  up  of  httticed  structural  steel  shapes.  The  bull  wheel  iised  in  Bwingiog  the  mast  Is 
generally  built  up  of  structural  steel. 

What  is  known  aa  the  Chicago  boom  (Fig.  58)  is  simply  a  boom  mounted  on  the  side  of  an 
adjoining  building  or  to  one  of  the  columns  of  the 
structure    itself.      This   does   away  with   the   apace 
occupied   by   a  free  derrick  and,  in  some  situations, 
haa  its  advantages,  but  is  not  to  be  generally  recom- 


Other  means  of  hoisting,  though  not  called  der- 
ricks, may  be  regarded  under  the  sameclaasification 
and  are  the  A-frame  and  gin  pole. 


to  the  Of  It.     I: 

tory.     Th»  booi 

mut.     Id  the  etifl-l«| 

mud  th«  angle  of  awin 

boom  tbe  swiiiE  ii  gtill  furtliDr  mtHcted  to 

The  pTDportioDB  oltbe  membeiB  will  i 
of  ths  work  aad  tbB  InuU  to  be  handled. 
would  nave  a  mast  of  12  X  12-iD.  limber,  not  muoh  ovei 
leoctha  may  be  obtaiDed  but  ahauld  dthei  be  truaaed,  or  i 

Two  drumg  md  a  Bwioging  gear,  together  with  theii 
a  demelc     The  ■winging  geai  may  be  on  agepante  frame 

The  A-/rame  rbrrici  ii  mode  of  timber  in  tbe  ehnpe  of 


aat,Ungtholboom 

ndlegaolad 

erridkw 

ce  available. 

The  ma 

y  over  the  itifl  leg  aret  a  lull  drcle 

1.  and  eaK  of  mov: 

korle 

UTOw  lou.  where  a 

ort  length  g 

la  found  mor. 

SBlisf 

a  guy  derrick  i.  m 

little  ehortc 

thani 

g  derrick  the  boom 

4ng  limited  to  270  d 

g.     With  th 

Chica 

derrick  to  handle  a 


rab.  Clyde  Iron  Wotk» 
lib,  Minn, 

of  weight  of  about  6  tc 
i.,notover«Oft.     I^ai 

lual  power  equipment  I 
Dftbedrumi 


a.:hed 


at  the  apei  by  guya.     The  block  for  the 

It  ia  Blightly  canted  toward  the  load  and 
ia  operated  by  a  hand  crab.  Theee  out- 
fit* are  readily  moved  from  plaee  to 
place  and  ore  used  in  hoieting  atone  far 


plmo 


he  holBting  block  and 
Bd  to  the  top,  no  boom 
The  pole  ia  ueed  for 
handling  a  ateam  ham- 
Lher  purpoeea  where  a 
ifficicEt.  The  gin  pole 
ruled  either  by  hand  or 

hoiBt  is  adequate. 

24.    Scaffolds. — In     practi- 
cally all  stages  of  coiiatniction 
work,  from  foundations  to  point, 
scaffolds  are  employed.      Make- 
shift  scaffolds   have   been   used 
from  earliest  times,  but  of  late 
years,  as  buildii^  operations  have  grown  more  complex,  the  design  and  construction  of  scafTolda 
have  received  more  attention;  and  several  special  devices  have  been  brought  out  with  a  view 
to  increasing  their  range  and  security. 


y  be  working  below 
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'  Fio.  68.— Chicago  boom. 


l>Blent  Scaffolding  Co..  N 


Sec  ft-24oI  CONSTRUCTION  EQUIPMENT  875 

■tnidure.  In  iddilioD,  (uiird  nila,  atruni  ^bgut  4  ft.  aboTe  the  platform,  ahnuld  aUo  b«  providad  to  prevcul  msn 
froiD  falliof  off.  Fcxit  boanla,  to  prevfiDt  tools  and  maCflrialB  from  bein^  knockad  from  the  Bcaffold  with  prob&biv 
injury  of  vorkara  below,  Bhould  b«  placed  ao  tbat  no  opeoiiiefl  ncut  betwe«ii  the  platform  and  the  foot  boards.  In 
all  eaaae  where  work  ia  ia  procreaa  above  the  men  an  the  scafTold,  overhead  protection  should  &l>o  be  provided. 
Heavy  oanvaai  properly  suppoHed,  vire,  nettinc  and  a  planked  platform  are  the  meana  uaed. 

24a.  Suspended  Scaffolds. — Two  main  types  of  auapended  scaffold  are  in  general 
use.  One  is  that  commonly  uaed  by  painters,  consisting  of  a  platform  supported  by  blocks 
and  falls  bung  from  iron  braces  at  the  cornice,  which 
braces  are  further  held  in  poHition  by  ropes  tied  back 
to  a  chimney  or  other  firm  anchorage.  Scaffold 
iiona,  made  up  of  flat  rolled  stock  placed  at  each  end 
of  the  scaffold,  support  the  platform  and  also  have 
arms  to  hold  a  guard  rail. 

In  this  device,  platform  may  be  raised  and 
lowered  from  the  scaffold  through  blocks  and  falls, 
the  free  end  of  the  line  being  tied  around  the  block 
hook  to  hold  the  scaffold  in  position.  With  these 
Bcaffolds,  actuated  by  the  man  on  the  platform,  there 
ia  Home  danger  of  the  Bcaffold  falling  by  having  the 
rope  run  through  the  operator's  hand  too  rapidly,  or 
from  the  breaking  of  a  worn  out  rope;  and  such  acci- 
dents should  be  guarded  against  by  careful  operation  ^"^  **'"~**™'^X"" '"'  P''"'^ 
and  frequent  inspections. 

A  better  type  of  eoaflold,  found  in  moat  larce  buildias  work  where  the  loads  are  heavy  and  the  time  of  use  ia 
eooaderabla,  eoneiala  of  steel  channel  tbrusl^uta.  steel  ropes,  drums,  and  built-up  scaffold  iroBa  (Us,  591.  Small 
drums,  either  mounted  on  the  thrust-outs  and  operated  throufh  worm  wheels  snd  ratchets,  are  provided  for 
ehaafing  the  hei(ht  (Fi*.  60}.  Of  the  tvo.  the  platform  hoist  ia  la  general  the  better,  as  the  eontrol  ia  visible  to 
the  operator,  so  that  aueh  daoasrs  aa  inoomptete  lockins  of  pawls,  rope  over-riding  the  side  ol  the  drum,  etc..  are 
mlnlpiiaed;  and  inapectjon  ia  much  simpler,  easy,  and  moretikely  to  be  thorough.     These  hoi>iin(  mfans,  of  coune, 


readily    had.      The 


outaide  of  the  scafTold. 

Another  type  of  auapended  acaflold 
which  does  not  permit  of  amall  adjust 
mtfat  in  height  is  composed  of  ropee  or 
steel  stripe  to  which  the  putloga  are  either 
lashed  or  bolted.  Due  to  the  difficulty  ot 
moving  from  oee  heicht  to  another  and 
■bo  the  attendant  dancer  on  this  opers- 
tiOD,  IcnOoldl  of  this  type  are  not  much 


Flo.  Al. — Bricklayers^  pole  scaffold. 


24i>.  Fixed  Scaffolds. 
— Fixed  scaffolds  may  be  divided 
into  two  main  ^rpes — "pole"  and  "outrigger;"  and  in  buildings  up  to  about  5  Htories  are 
the  ones  generally  used.  They  may  be  constructed  either  outside  or  inside  the  building  as  the 
nature  of  the  work  demands. 

Pole  neaffiMt  are  so  called  because  they  are  built  up  of  poles,  or  scantlings  from  a  firm  base, 
generally  the  ground  (Fig.  61).  Under  this  classification  would  come  the  large  scaffolds  used 
in  erecting  walla,  etc.,  and  the  smaller  types,  as  horse  and  ladder  scaffolds,  where  the  working 
platform  is  raised  but  a  short  distance,  as  in  painting  and  plastering  ceilings  and  the  like. 
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Fia.  62. — Putlogs  for  scaffolding. 


Scaffolds  built  up  for  wall  work  should  be  carefully  designed  for  all  loads  and  stoutly  braced  to 
prevent  any  tendency  to  collapse  under  side  loads,  such  as  wind,  etc.,  and  should  be  held  to 
the  building  in  some  manner.  Only  good  seasoned  lumber  should  be  employed  and  fastenings 
should  be  secure. 

Two  types  of  pole  scaffolds  are  found,  one  where  the  poles  are  run  up  as  units,  ledgers  and 

putlogs  being  placed  as  the  working 
platform  is  raised;  and  the  other  where 
two  poles  are  connected  together  by 
strips  nailed  securely  and  at  right  angles 
to  them.  These  strips  are  placed  at  dis- 
tances corresponding  to  the  required 
lifts;  and  with  the  poles  form  rough 
ladders.  Ledgers  are  run  between  the 
strips  and  the  ladders  are  braced.  This 
type  of  scaffold  must  be  fastened  to  the  building,  which  is  generally  done  by  bracing  from 
the  windows.  In  general,  this  type  of  scaffold  is  not  used  in  heavy  work  but  rather  in  cases 
where  wall  areas  are  to  be  cleaned  or  painted. 

The  pole  scaffold  is  composed  of  6  main  parts:  the  uprights  or  poles,  ledgers,  putlogs  (Fig.  02),  braces,  spring 
braces,  and  the  platform  itself.  The  poles  should  rest  on  good  firm  ground  and,  if  neoMsary»  planks  should  be 
laid  to  afford  this  base.  The  ledgers  are  the  members  which  extend 
from  pole  to  pole  and  support  the  other  end  of  the  putlogs.  While  the 
ledgers  do  to  a  certain  extent  brace  the  structure,  they  will  not  prevent 
it  from  collapsing  as  a  unit.  Diagonal  bracing  should  therefore  be 
adequate;  and  in  high  scaffolds  where  the  weight  to  be  supported  is 
large,  should  be  carefully  placed  and  nailed.  Putlogs  support  the 
platform  and  rest  on  the  ledgers  and  the  finished  wall  Three  types  of 
putlogs  are  shown,  one  all  wood,  the  other  two  having  one  end  built 
up  of  iron.  Spring  braces  are  used  to  hold  the  scaffold  to  the  face  of 
the  wall  and  consist  of  two  boards  inserted  in  the  putlog  hole,  with  a 
brick  placed  between.  The  outer  ends  are  then  nailed  to  the  ledger 
causing  the  inner  ends  to  spread  and  press  against  the  bricks  so 
forcibly  that  quite  an  effort  is  required  to  dislodge  them.  Only  well 
seasoned  lumber  free  from  knots  and  other  blemishes  should  be  used 
for  spring  braces. 

Pole  scaffolds  may  be  either  lashed  together  by  ropes  or  nailed. 
The  former  type  is  not  found  in  the  United  States  to  any  great  extent. 
The  principal  advantage  of  the  lashed  scaffold  is  that  the  lumber  used 
is  serviceable  for  a  longer  time,  as  less  damage  is  caused  not  only  from 
driving  nails  but  also  from  splitting  when  the  scaffold  is  dismantled. 
The  disadvantage  is  that  2  or  3  men  aie  required  to  erect  a  lashed 
scaffold,  and  more  time  is  necessary.  With  the  larger  increase  in  the 
cost  of  lumber,  it  is  quite  possible  that  lashed  scaffolds  m.ay  come  into 
general  use  again. 

Horse  Scaffolds. — The  mason's  horse  is  used  extensively 

in  the  construction  of  buildings,  as  they  are  light,  easily 

portable,   and  scaffolding  may  be   built  up  from   them 

quickly.     The  height  of  a  horse  is  about  48  in.  and  by 

placing  one  on  top  of  the  other,  increases  may  be  obtained. 

Tiers  should  not  be  built  up  of  more  than  three  horses. 

When  tiers  are  built  up,  the  horses  should  be  placed  directly 

above  one  another  as  this  gives  the  greatest  amount  of 

stability  and  the  best  distribution  of  stress.     Horse  scaffolds    ^"S;  03.— Adjustable  interior  scaffold 
u    u    '^4.        t  J.V.  ji  n  X  •  TT  Chesebrough  Whitman  Co.,  N.  Y. 

may  be  built  up  from  the  ground,  floor,  or  outnggers.     Horse 

scaffolds  are  not  suitable  for  heavy  loads  nor  the  storage  of  any  amount  of  material.  Proba- 
bly more  carelessness  is  found  in  erecting  horse  scaffolds  than  in  other  types,  as  they  are  so 
easily  employed.  Fortunately,  their  use  is  restricted  to  small  heights  so  that  minor  accidents 
only  are  the  result. 

Outrigger  Scaffolds, — Outrigger  scaffolds  are  so  called  because  the  platform  is  supported 
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by  beams  fastened  to  the  floor  or  frame  work  of  the  buildii^.  This  type  is  used  where  repairs 
are  to  be  made  at  some  auch  point  above  ground  level  that  it  would  not  be  economical  to  build 
up  from  the  ground,  and  euspeoded  scaffolds  could  not  be  used.  A  good  example  of  this  is  in 
the  repair  of  a  church  steeple  or  tower  of  a  building. 


STEEL  ERECTION  EQUIPMENT 
Bt  Nathan  C.  Johnson 

Tools  and  appliancee  required  for  the  erection  of  structural  steel  depend  upon  the  method 
of  erection  used;  upon  the  type  and  size  of  the  structure;  upon  the  freedom  with  which 
operations  can  be  carried  on;  and  upon  local  usages  and  conditions. 

First  and  perhaps  foremost  in  all  structural  steel  erection  appliances 
conies  the  use  of  hoisting  means  whereby  the  members  may  be  placed  in 
position  ready  for  field  bolting  and  riveting.  These  means  consist  of  blocks 
and  falls,  crabs,  winches,  derricks,  locomotive  cranes  and  travellers,  the 
latter  temporarily  erected  either  within  or  without  the  structural  frame 
itaelf.    All  of  these  have  been  treated  in  previous  chapters  of  this  section. 

In  the  bolting,  cutting,  chipping,  and  riveting  of  the  various  mem- 
bers, a  variety  of  both  ordinary  and  special  tools  are  employed.  Ordinary 
hand  tools,  xuch  as  hammers,  chisels,  punches,  wrenches,  tongs,  etc.,  or 
small  hand  forges  for  heating  rivets  need  no  special  mention  but  if  data  on 
them  are  desired  the  handbook  of  the  American  Bridge  Company  will 
furnish  this  in  abundance.  Some  of  the  automatic  tools  driven  by  com- 
pressed air  or  by  electricity  will  be  described  as  they  come  in  a  special  and 
highly  useful  class. 

SS.  Air  Riveters.^Air  riveters  as  used  in  structural  steel  erection  are 
made  in  many  forms  to  meet  special  requirements.     They  comprise  a  shell  Fio.  u.— Air  rivetet. 
containing  the  working  parts,  the  piston  or  striking  member,  the  valves 
and  a  removable  steel  set  for  forming  the  head  of  the  rivet.     These  air  hammers  (Fig.  64) 
are  light  in  weight  and  portable. 

The  air  supply  is  controlled  through  a  throttle  valve  which  consists  of  a  piston  and  poppet  in 
combination,,  acutated  by  a  tri^er  attachment  on  the  handle.  Several  types  of  handles 
(Figs.  65  and  66)  are  supplied  to  meet  various  conditions,  their  design  not  changing  the 


FiQ.  M,— Own  tvDP  handle  for  Fia.  6B.— Own  type  hsndiD  for  Fia.  67.— Air  doily. 

'■Little  Dtvid"  riveter.  "Liltle  DBvid''  riveter. 

operation  in  any  way.  By  this  arrangement  the  strength  of  blow  may  be  governed  by  the 
operator  from  a  light  tap  to  the  full  impact.  The  striking  piston  is  operated  through  acylin- 
dricd  valve  guide  placed  either  in  the  same  line  or  at  one  aide  of,  but  parallel  to  the  piston. 

3S.  Air  and  Hand  Dollys. — A  dolly  is  in  effect  an  anvil  held  against  the  rivet  head.    It 
may  be  either  a  long  bar  held  in  position  by  hand  or  may  be  a  separate  pneumatic  mocbioe 
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(Pig,  67).  The  latter  type  will  give  better  results,  as  it  lieeps  the  head  of  the  rivet  in  coatact 
and  ftvoida  the  jiunping  so  commoa  when  a  hand  dolly  is  used,  but  the  hand  dolly  is  more 
convenient  for  general  field  use. 

ST.  Air  Rivet  Sets. — A  rivet  setia&  small  die  of  tool  steel  fitted  into  the  end  of  the  riveter 

and  held  in  position  by  spring 
fingers  or  a  coiled  spring.  The 
rivet  aet  is  detachable  so  that 
change  from  one  siie  or  style 
of  head  to  another  is  quicltty 
accoDipliahed. 

2S.  Air  Chipping  Tools.— 
Chipping  tooU  are  chisels 
formed  to  aocket  in  the  air 
hammer  barret.  They  can  be 
obtained  in  a  great  variety  of 
shapes  suited  ta  any  desired 
purpose.  Chipping  with  air 
hammers  is  highly  efficient  as 
the  rapidity  of  blows  approxi' 
mates  continuous  cutting, 
with  consequent  facility  in 
holding  the  tool  to  the  work. 

SO.  Air  Drills.— Air  drills 
for  drilling  either  wood  orsteel 
are  made  in  two  types.  The  type  as  shown  in  Fig.  69  is  the  one  most  commonly  found. 
These  machines  may  also  be  used  for  reaming,  tapping,  etc.  Air  drills  are  driven  from  a 
crank  shaft  actuated  by  pistons.  The  valve  action  is  controlled  by  gearing  from  the  crank 
shaft;  and  air  is  admitted  from  the  supply  line  by  turning  a  sleeve  on  the  handle. 

SO.  Electric  Drills. — Portable  electric  drills  though  somewhat heavierandforagiven  weight- 
less powerful  than  air  drills,  give  excellent  results  for  drill  sizes  up  to  2-in.  diameter.  In 
these,  a  motor  through  gearing  drives  a  shaft  having  a  hollow  taper  to  which  is  fitted  the 


Fio.  83.— Scctioiul  view  ol  sit  drill.  Fia.  TO.— "Lillle  David"  aii  grinder,  Innnoll- 

RiindCo.,N.  IT. 

drill  itself  or  a  chuck  holding  the  drill.  Electric  drills  are  made  for  use  with  cither  direct 
or  alternating  current,  and  at  frequencies  and  voltages  commonly  found.  The  weight  of  a 
drill  for  a  2'in.  diameter  hole  in  steel  is  about  88  lb. 
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"8"  or  "0"  lorm  with  ihupbenda,  irhidh  may  b«  otemped  or  bolted  to  tb«  work,  with  or  without  ui  sdjuitabla 
mtm  to  bur  acuoat  the  drill.  Thii  flat  atnp  ii  to  adJuaCed  thftt  the  drill  ii  orar  the  dednd  podtiaa,  when  pn>- 
aure  may  ba  aierl«d  on  the  drill  lip  by  tichtaolnc  the  ie«d  aoiav. 

31.  Air  and  ElNtric  Grinders. — Air  grinders  {Fig.  70)  and  electric  grinders  differ  from 
air  or  electric  drills  only  in  the  cutting  tool  used,  which  is  an  abrasive  wheel  instead  of  a 
drill.  Electric  grinders  have  an  advantage  over  air  grinders  in  that  the  speed  obtainable  is 
higher,  which  makes  for  rapid  cutting.  In  use,  the  tool  is  held  by  the  operator  and  the  cut- 
ting wheel  brought  againat  the  work  in  much  the  same  manner  that  work  is  held  by  an 
operator  and  brought  against  a  cutting  wheel  in  the  usual  stationary  shop  mounting. 

3S.  Cutting  Wheels. — Cutting  wheels  should  be  of  a  groin,  hardness,  and  material  suited 
to  the  material  to  be  cut.  For  structural  steel,  a  medium  grain,  rather  hard  wheel  should  be 
used.  For  harder  steels,  a  softer  wheel  of  like  grain  is  preferable.  Carborundum,  alun- 
dum,  oiystolon  and  like  abrasive  materials  cut  faster  and  better  tham  emery,  or  like  materials. 
Micro  examination  of  cuttings  shows  that  the  materials  first  named  cut  shavings  from  the  steel, 
while  the  latter  produce  globules  of  molten  metal,  with  proportionate  speeds  of  cutting,  endur- 
ance of  wheels,  and  requirements  for  power. 


MISCELLAnEOU$  EQUIPHEHT 
Bt  Nathan  C.  Johnson 

S8.  Air  Compressors. — The  uses  of  compressed  air  in  building  construction  are  so  varied 
i  cover  such  a  prolonged  period  extending  from  placing  foundations,  as  in  sinking  pneumatic 
I,  through  Bt«el  erection  and  even  to  finish  painting  that  the  selection  of  air  compres- 
sors and  the  installation  of  the  air  distributing  system  should  be  planned  most  carefully. 

As  the  art  of  producing  and  using 
compressed  air  is  highly  developed,  a 
wide  choice  of  compreSMr  equipment  is 
available.  Gompreeaors  may  be  driven 
either  by  electric  motors,  steam  or  gaso- 
line engines,  and  through  belts,  gears,  or 
chains  as  desired  and  may  be  obtained  to 
work  at  any  required  pressure.  Com- 
pressoiB  of  the  smaller  sixes  are  built 
single  stage,  all  compression  taking  place 
in  one  cylinder  (Fig.  71).  The  larger 
sizes  are  two  or  three  stage,  having  two 
or  three  cylinders,  each  of  which  raises 
the  pressure  a  certain  part  of  the  final 
value.  Compressors  of  from  100  to  300 
cu.  ft.  free  air  capacity  per  minute  may 

be  mounted  for  easy  portability  but  soUd  Via.  71.— Air  eompro»or  with  receiver,  InaerBoll- 

foundations    are    preferable    for    larger 

sizes  and  can  generally  be  made  available  in  modern  building  construction.  To  equalise  the 
load  on  a  compressor,  as  well  as  to  have  a  constant  pressure  supply,  receivers  or  storage 
tanks  are  used  as  accumulators  in  connection  with  compressors.  These  must  be  ample  in 
size  and  suited  to  the  anticipated  demand. 

In  theae.  the  air  ia  oomimaaed  a  aiiiall  amount  in  the  Srit,  or  low  preasure  oyliader.  then  pauea  to  an  intercDoler, 

the  air  paaaea  to  a  second  cylinder  where  it  ia  compreieed  to  a  higher  value  and  thep  poaecd  tn  the  receiver. 

Aa  air  ia  cocapreaaed.  ita  temperature  riaea  cauaiug  it  to  eipand  a  certain  amount  and  exertinK  a  back  preaaure 
OD  the  piaton.  Tliia  reducee  the  afflcisncy  of  the  machine  and  ia  oveicoma  in  part  by  multiple  utase  compreeaora 
and  intcrooolins.     Further  ooolln«  oooun  in  the  receiver  and  pipe  linea;  and  ae  the  temperature  decreases,  the 
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kliD  drop.     Thii  is  loH  al  taeigy  and  tlic  work  done  by  the  cotnprcaaDr  to  balipn  tbu  lam 
Such  [uBS«,  toKettasr  wilb  friction  Iduh,  may  amounC  to  10'^  or  mare, 
vomprcsaor  is  IhereJore  ba»d  on  thn  number  of  cubio  feet  of  "(rce  aii"  it  will  compreaa 

may  readily  be  seeD  that  the  capacity  al  I 


Fia.  72. — Faintiog  villi  comprcsBed  sir,  Spiay  EugineeriaK  Co.,  Bosloa.  Man. 

irge  volume  relative  to  tbe  siie,  typci,  and  performance  of  air  comprcesorB.  together  with  data 

HClf;  and  comprchenaivc  data  are  beyond  the  apace  limitations  ol  this  handbook.     Tho»  inlflnated 
standard  tcil  books  on  the  aublect  as  well  u  the  many  eicelleot  trade  catalogues  ueued  by  maou- 


Fjo.  73.— Compressed  air  painting  equipment,  Fu.  74. — Rotary  < 

Spray  Engineering  Co..  Boatoo,  Mssg.  conlrtut  betivctM 

34.  Air  Painting  Equipment. — Painting  by  compressed  air  (Fig.  72)  has  recently  come 
into  quite  general  use;  and  is  among  thi?  newer  applications  o!  compressed  air  to  building 
construction.  In  this  work,  air  under  pressure  is  fed  through  a  rubber  hose,  to  a  metal  paint 
container  fitted  with  a  control  head  (Fig.  73).  Air  pressure  as  admitted  at  the  top  of  the 
container,  forces  the  paint  through  a  strainer  up  to  the  control  head  and  then  tbroi^h  a 


S©c.6-34al  CONSTRUCTION  EQUIPMENT  881 

rubber  hose  to  the  "g^un."  Some  of  the  air  enteriog  the  control  head  also  is  fed  direct  to 
the  gun.  The  complete  apparatus  outdde  of  the  compreaaor  therefore  coruista  of  the  metal 
container,  the  gun,  and  the  necessary  connecting  rubber  hoae  to  reach  the  work. 

'  Sia.  Hetal  Container. — The  metal  container  ia  a  tank  ot  3  to  15-gHl.  capacity, 
equipped  with  the  control  head  which  baa  the  necessary  valves  for  adjusting  the  pressure  on 
the  paint  and  of  the  air  suppUed  to  the  gun;  a  strainer  to  prevent  paint  skin,  etc.,  from  clogging 
the  line  to  the  gun;and  a  pressure  gage.  Containers  of  the  smaller  sizes  are  of  riveted  steel 
construction;  those  of  the  larger  size  are  of  welded  construction  and  have  large  neck  openings 
to  permit  of  easy  cleaning. 

Sib.  Guns. — The  gun  or  painting  bozile  is  shaped  like  an  ordinary  pistol,  u«ng 
the  tri^er  to  control  the  supply  of  paint  and  air.  Its  handle  carries  connections  for  the  air  and 
punt  hnes.  The  end  of  the  gun  barrel  is  fitted  with  a  cap  and  two  nose  pieces  through  which 
is  forced  the  paint  and  air  respectively.  Adjustment  of  the  amount  of  paint  is  obtained  by 
screwing  the  cap  on  or  off;  and  the  air  supply  isregulated  by  a  needle  valveunder  the  nose  pieces. 
By  proper  adjustment  of  these  two,  either  a  conical  or  fish-tail  spray  may  be  obtained.  Where 
desired,  the  gun  may  be  mounted  on  a  long  pole  enabling  an  operator  to  paint  in  places  where 
ladders  or  scaffolding  would  otherwise  be  required. 

The  Duin  kdvanUces  oliurasd  over  brvib  puntiDg  an;  (1)  that  with  pneumstio  paiutina  more  >nrtaee  wn  ba 
covend  in  1«  time  and  with  lewei  men;  (!)  that  bf  meuia  of  the  pole,  plaoeg  otherwise  inacceaaible  can  be  reached 
irithout  the  aid  of  ladders  or  KafFoldi:  and  (3)  that  by  (be  lue  of  the  diSereat  caps  asd  nose  pieces,  liiht  or  heavy 
painU  mar  be  used  and  the  type  of  spray  varied.  The  gun  also  may  be  operated  at  a  distanoe  from  the  aantaiiker 
and  i«  Dot  dependent  lor  its  effeotiveaesa  upon  the  position  of  the  btter. 

TbesnulleraiseooDtaineisihoiiJd  be  used  where  frequent  movinK  is  oeeaaloned  as  the  larger  siia  reqniie  more 
Iban  one  aau  to  move  them.     The  weight  of  a  6-gal.  unit  is  about  50  lb.  and  that  of  the  lufter  siies  B»wtar  in 

36,  Surfacing  Hachines.— Special  machines  for  finishing  the  surface  of  concrete,  either  in 
floors  or  walls,  and  to  remove  form  marks,  may  be  operated  either  by  air  or  electricity.  Sur- 
faces may  also  be  treated  by  rubbing  by 
hand  with  carborundrum;  washing  with  a 
dilute  acid;  or  brushing  with  a  stiff  wire 
brush.  Each  of  these  methods  has  its  place 
but  better  and  cheaper  results  can  be  ob- 
tained with  a  mechanical  device. 


B  bat  Btrilie  a  mueh  liebCer  blow.     A 
variety  of  tools  arranged  to  socket  in  the  device  are 

to  have  a  pebbled  surface,  air  aurfacen  will  be  found 
particularly  effective,  but  any  desired  lurtaee  effect 
on  be  obtained  by  a  akiUful  operator  and  a  oaieful 
cbtrioe  of  cutting  tooL 

Bltctrie  nrfactn  (Fig.  74)  conalit  of  a  motor 
sod  a  tool  using  different  types  of  teeth  or  grinding 
disks  which  revolve  at  high  speed  and  chip  or  sdnd 
the  surface  to  a  finish.  Id  one  type,  the  motor  is  sus- 
pended from  the  opfTStor's  ■houldeni  and  connected 

to  the  tool  thiougb  g  fleiible  shaft.     The  weight  of  c,,_    -,      n    ,  -      . ■,■        ir_j  „  o. 

JT°  htrufcik       J*.*  — fclcetnc  atueco  machine.  ETod^vs  otuooo 

of  the  tool  10  lb.     This  machine  may  be  used  f« 

Dimply  removing  fins  and  projectioos.  or  tot  obluDini  a  fist  oi  bush-hammeied  effect.      About  20  sq.  ft.  of  flat 

finish  can  be  obtained  in  an  houi;  and  its  use  ia  said  to  reduce  tlie  coato  over  hand  methods  from  60  to  G5  % . 

36.  Stucco  and  Plastering  Machines. — Special  machines  for  applying  stucco  and  piaster 
have  been  brought  out.  It  is  claimed  by  the  makers  that  these  machines  will  give  a  better  and 
more  lasting  result  than  will  hand  methods  and  that  they  will  reduce  costs  materially. 

Two  types  are  to  be  had — one  which  impels  the  material  mechanically  against  the  wire  or 
lath;  and  the  other  which  places  the  material  by  compressed  air. 

The  Gnt  type  ol  machine  (Fig.  7G)  eonsista  of  aimnll  hopper  mounted  sbcve  a  flat  bladed  propeller  driven  by 
sn  electric   motor.     The  maehine  weighs  about  30  lb.  and  is  fastened  to  the  operator  by  strapa  and  a  coiled 
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« that  the  dbohuf*  tnkjr  be  directed  to  tny  dtrind  pUoa.    The  itiueo  material,  pifft- 

the  hopper  und  w  it  paasea  throufh  ia  shot  out  by  the  impeller  bhidea  throufh  a  dia- 

charge  opeoiDs  and  aaainst  the  work.     From  300  to  100  eq.  ft.  of  aurfaH  per  hour  can  be  oovered  to  a  thickneaa 

of  H  in-  with  auch  a  machine:  and  due  U>  the  bich  velocity 

of  impact,  ia  said  to  give  a  much  better  Buiface  tfaan  where 

hand  methoda  are  employed. 

The  oompreeaad  air  type,  known  m  the  "Cemeot 
Gun"  (Mf.  7S).  ooiuirta  of  a  drum  in  wbleb  the  dry  m»- 
teriala  are  placed  aftai  pramiiinc.  Air  iireaaure  ia  then 
applied  above,  the  feed  being  recolated  by  a  roUtiDs  feed 
wheel  within  the  caainc  actuated  by  an  air  motor  and  then 
forced  throuch  a  hoae  to  the  point  of  application  where  it  ia 
oomminfled  with  a  fiiia  apray  of  water  delivered  through  a 
parallel  hoae  Una  outiida  of  the  caiing.  While  thia  machine 
■■  portable  to  a  earUln  extent,  it  ia  not  ao  much  >o  aa  the 
fint  type  due  to  the  neocaaary  ausliary  equipment  and  it 
alao  operates  on  a  different  plindpla.  A  oompreaaor  is 
necaaaary  with  this  inachine  to  lupply  the  air  to  the  miiar. 
The  material  produoed  by  this  device  is  apeciOed  aa 
"Guoite"  and  has  the  merit  of  being  very  hard  and  dense. 

87.  Lighting  Equipment  for  Constmctioa 
Work. — Very  often  work  must  he  carried  on  at 
night,  sod  when  auch  ia  the  ctiae,  it  becomes  neces- 
sary to  employ  drtificial  light.  .This  may  be  sup- 
plied by  electricity,  gas,  or  oiL 

Electric  light  ia  (;eaerally  used  unless  cur- 

FiQ.76.—Appiying"Gunite"  with  the  cement      rent  ia  Dot  readily  available.     Whew  auch  is  the" 

Erouah  "Beiti'bi"  hoeo"Si  n™ile°iB  'on  groimd      case,    gaa    or    oil    lighte   may  be    substituted, 

below  K^affoldin,,     Cement  Oun  Co..  Aljentown.       Electric    llghta    will    be    found    to    be    the    most 

serviceable  as  they  require  no  attention  and  with 
suitable  iiluaters  and  reflectors,  a  large  area  can  be  evenly  lighted  from  one  place. 

The  portable  carbide  light  (Fig.  77)  ia  a  type  of  acetylene  gaa  light.     Owing  to  its  lightness 
and  large  candle  power,  it  is  used  extensively.     The  light,  however,  ia  a  concentrated  one  and 
the  apparatua  requires  frequent  charging  and  cleaning.     Two  types  may  be  obtained,  the  main 
difTerence  being  that  one  utilizea  calcium  carbide  in  cake  form  and  the  other  a  lump  carbide. 
The    apparatus    consists    of   a 
burner,  feed  pipe,  and  genera- 
tor.     The    generator   ia   made 
up  of  an  outside  container  for 
water.      Carbide  is  placed  in 
another  container  and  fitted  in 
a  gas  chamber,  both  of  which 
are  placed  in  the  container  for 
water.     Water  is  then   added 
and  as  it  comes  in  contact  witV 
the   carbide,    acetylene   gaa   ia 
generated.     One  pound  of  car 
bide  will  yield  about  4J4  cu.  ft. 

Units  are  made  in  various 
sizes  to  meet  different  require- 
ments. A  type  commonly 
found  is  rated  at  8000  candle 
power;  weighs,  sxciusiveof  the 

water  and  carbide,  60  lb;  has  a  burning  capacity  of  12  hr.,  and  costs  from  3  to  Set.  an  hr.  to 
operate.     Small  hand  units  (Fig.  78)  may  also  be  obtained  for  inspection  purposes. 

Kerosene  or  gaaoline  may  be  used  to  aupply  lighta  for  niiht  work  and  producea  a  itrong  fairly  white  lifbt. 
The  apparatus  conaiata  of  •  apecial  burner  and  a  tank  tor  containinc  the  oil  under  pmsure.     Metal  tanks  of  from 


Fid.  77.— Carbide  lights  in  use  on  cooatructioD  at  Di«ht, 
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10  to  30-skI.  Okpaeity  mmada,  uid  tie  equipped  with  a  (see  and  band  pump.  The  boner  eonalgla  of  ■  perfontal 
tube  DDUla  fitted  et  one  end  of  Lbe  tube  ukd  mnnected  through  ■  oeedle  velvs  to  the  lesd  pipe  oC  the  taolt  with  a 
■hallow  tray  placed  beneath.  To  uae  the  licht,  it  ia  neceeury  to  first  heat  the  tube  to  vaporiie  the  spray,  Thia 
ia  aooompliabed  by  oollecting  a  amall  quantity  of  the  fuel  on  the  tray  snd  ignitioE  it.  loiCial  heatini;  only  ig  required 
ai  the  heat  from  the  light  itself  igsulGcieDt  to  heat  tbe  tube  after  once  placed  in  operation.  Thia  type  of  liibt  ia 
cleaner  than  the  cubide  lifht  aa  there  i>  oo  nsidue  left  in  the  tank,  but,  aa  such  lighta  are  mors  eipensiye  to  oper- 
ate, tlwy  are  not  used  to  u  gnat  eiient  sa  the  carbide  lighta. 

S8.  Oty-gia  Cutting  and  Welding  Equipment. — Not  only  in  wrecking  but  also  wherever 
steel  or  iron  in  any  shape  has  to  be  cut  on  the  job,  an  oiy-acetylene  or  oxy-hydrogen  blowpipe 
or  torch  is  found  to  be  an  economical  tool.  The  apparatus  in  general  consists  of  a  blow-pipe 
or  torch,  feed  piping  lines  leading  from  supply  to  torch,  aad  a  generating  unit  (Fig.  79).     The 


Alexander  Milburo  Co.,  . 

generating  unit,  as  usually  composed,  is  a  tank  containing  liquified  or  compressed  oxygen,  and 

an  acetylene  generator  or  tank  where  the  oxy-acctylene  process  is  used,  or  tanks  of  compressed 
ojtygen  and  hydrogen  for  the  ony-hydrogen  process,  together  with  attached  regulating  valves, 

Oiygen,  hydrogen,  and  acetylene  taa,  under  preaaure,  are  shipped  in  metal  eontainera  and  make  a  fairly  port- 
able unit.     Dub  to  the  fact  that  acetylene  ia  eaaily  obtainable  and  gives  an  extremely  high  heat,  the  oiy4oetyleo« 

onlj  other  flame  whioh  Hjvee  a  higher  temperature. 

The  actual  cutting  by  burning  ur  melting  the  metal  ia  done  by  an  oxygen  Rame  but  before  this  can  be  undei^ 
taken,  the  material  muat  be  preheated,  which  heating  ia  aoeomplished  by  incandescent  carbon  in  ths  oxy-aeetylene 

determined  in  targe  measure  by  the  character  of  flame  produced  by  the  torch  lip.     Different  siies  and  types  of 
tipa  are  auppUed,  each  to  be  uaed  for  a  apeci£c  purpoae. 

In  ptaDes  whare  portability  is  ooC  of  much  importanc 
for  oarbid*  lighta  Dwy  be  used.  The  coat  of  these  senerat 
is  bought  in  cylinders,  but  they  require  considerable  care  and  attention. 

S9.  Pipe  and  Bar  Threading  HacUnes.— Threading  machines  both  for  pipes  and  bars 
should  be  supplied  on  all  jobs  of  importance.  The  smaller  band  dies  and  taps  form  a  usual 
and  necessary  part  of  the  fitting  equipment  on  smaller  work. 
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Pipe  threading  machines  are  supplied  in  a  number  of  sisee  and  have  a  wide  range  of  capacity.  These  machines 
are  driven  by  belts  from  gasoline  engines,  or  direct  connection,  or  by  belt  from  an  electric  motor.  They  may  be 
obtained  using  either  a  solid  die  up  to  about  2-in.  sise  of  pipe,  or  with  separate  jaws  of  2  or  4  pieces  for  larger  sises 
of  pipe.  Some  of  these  machines  are  equipped  with  a  patent  release  which  will  open  the  jaws  or  reverse  the  machine 
when  the  desired  length  of  thread  has  been  cut.  As  pipe  threads  are  out  to  a  taper  to  insure  tight  joints,  it  is  un> 
necessary  to  cut  the  thread  much  over  the  length  of  the  die. 

Bar  threading  machines  are  similar  to  those  used  for  pipe  threading,  the  diflPorence  being  in  the  sise  and  shape 
of  the  teeth  of  the  die.  Bar  dies  also  are  cut  without  taper  threads.  Bolts  and  bars  up  to  about  4  in.  can  be 
threaded  in  these  machines  and  either  right  or  left-hand  threads  cut.  On  bars  above  4  in.  in  diameter  and  where 
special  threads  are  required,  the  cutting  is  done  in  a  lathe. 

40.  Cotton,  Manila,  and  Wire  Rope. — Two  kinds  of  rope  are  used  in  building  construction, 
— one  made  from  hemp,  cotton,  or  manila  fiber,  and  the  other  of  wire.  The  latter  is  the  kind 
most  employed  as  it  will  withstand  harder  usage,  handle  larger  loads,  and  has  a  longer  life  than 
the  others. 

Cotton  rope  is  not  much  used  as  it  is  not  suitable  for  loads  of  any  amount.  Its  principal  use 
is  in  braided  rope  for  sash  cords  as  this  rope  is  very  flexible  and  may  be  run  over  small  sheaves. 

Hemp  and  manila  fiber  rope  are  used  to  a  large  extent  where  intermittent  service  and  porta- 
bility are  required.  They  will  give  good  service  where  the  loads  are  not  excessive  and  where 
lightness  is  desired.  Hemp  and  manila  rope  are  made  up  from  threads  twisted  to  form  strands 
and  the  strands  twisted  together  to  form  the  rope.  Due  to  the  internal  chafing  between  the 
fibers  and  the  stresses  due  to  bending  when  passing  over  sheaves,  this  tjrpe  of  rope  should  not 
be  used  in  elevators  and  hoist  service  as  it  rapidly  depreciates  in  strength  value. 


Manila  Rope. 


Ultimate  Si'kbnqth,  Weight  and  Working  Stress  of  Best  Manila  Rope 
(From  Ketchum's  Structural  Engineers'  Handbook,  p.  443) 


Diameter 
(inches) 

Circumference 
of  rope 
(inches) 

Weight  of 

100  ft.  rope 

(pounds) 

Ultimate 
strength 
(pounds) 

Working  load  for  derricks 

Minimum  sise 

of  drum  or 

sheave 

(inches) 

Used  rope, 

factor  of  6 

(pounds) 

New  rope, 

factor  of  3 

(pounds) 

t 

H 
H 
H 

1 

IVa 

IH 
2 

3 

1.57 
2.37 
2.76 
3.14 
3.93 
4.71 
5.50 
6.28 
7.86 
9.42 

7 

17 

24 

28 

46 

64 

84 

115 

175 

252 

1.800 

4,000 

6.400 

7,200 

11,200 

16.000 

21.600 

28.500 

46.000 

64.200 

300 

670 

900 

1,200 

1,870 

2,670 

3,600 

4,760 

7,500 

10,700 

600 
1.340 
1,800 
2,400 
3.740 
6.340 
7.200 
9.500 
16,000 
21,400 

8 
10 
12 
14 
16 

Wire  rope  is  made  up  of  a  number  of  small  wires  composing  a  strand  and  several  strands 
twisted  or  braided  to  form  a  rope.  The  material  used  for  the  wires  may  be  wrought  iron, 
cast  steel,  or  plough  steel,  each  being  suited  to  special  needs.  Wire  rope  is  used  for  hoisting 
and  elevator  service  as  its  depreciation  from  the  action  of  bending  over  sheaves  and  on  drums  is 
less  than  is  the  case  with  manila  or  hemp  ropes.  The  strength  of  wire  rope  is  about  4  times 
that  of  manila  rope  and  the  weight  per  foot  8  times. 

Wire  rope  is  made  for  various  other  services,  such  as  transmission,  and  also  in  round  and 
flat  or  ribbon  form.  The  chier  advantage  of  the  latter  type  is  that  in  the  larger  sizes  it  is  more 
flexible  and  can  be  run  over  smaller  sheaves. 

Wire  rope  made  of  18  strands,  the  6  inner  ones  being  laid  in  the  reverse  direction  to  the  12 
outer  ones,  forms  a  non-twisting  rope  and  one  that  is  very  efiicient  where  long  lengths  are  to 
be  used,  as  in  hoisting  materials  several  stories  with  a  derrick. 
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Cbuciblb  Stbbl  HoisTiNa  Kopb.    Wbight,  Ultimatb  Strbngth,  and  Working  Loads  of 

WiRB  ROPB   COMPOSBD  OP  6  StRANDS  AND  A  HeMP  CeNTBR,   19  WiRES  TO  THE  StRAND 

(From  Ketchum's  Structural  Engineers'  Handbook,  p.  444) 


Diameter 
(inches) 

Appronmate 

circumference 

(inches) 

Weight 
per  ft. 
(pounds) 

Approximate 
breaking 

stress 
(pounds) 

Safe     working 

stress  for 

derricks. 

factor 

of  4 

(pounds) 

Minimum    sixe    of    drum    or 
sheave 

Derricks 
(inches) 

Rapid  hoistinS 
(inches) 

K 
Hs 
K 
Me 
K 
K 
H 
1 

IK 
IK 
IK 
IK 

IK 
IK 
IK 
IK 
2 

2K 

2K 
3 

3K 

4 

4K 

4K 

0.22 
0.30 
0.39 
0.50 
0.62 
0.89 
1.20 
1.58 
2.00 
2.45 
3.00 
3.55 

10.000 

13.600 

17,600 

22,000 

27.200 

38,800 

52,000 

68,000 

84,000 

100,000 

124.000 

144,000 

2.500 

3,400 

4,400 

5.500 

6.800 

9.700 

13.000 

17.000 

21.000 

25.000 

31.000 

36,000 

6 

.    7K 
9 
10 
12 
14 
18 
20 
22 
24 
27 
30 

12 
15 
18 
21 
27 
36 
42 
48 
54 
60 
66 
69 

PiiODQH  Steel  Hoisting  Rope.    Weight,  Ultimate  Sirbngth,  and  Working  Loads  of 
WiRB  Rope  Composed  of  6  Strands  and  a  H&mp  Center,  19  Wires  to  the  Strand 

(From  Ketchum's  Structural  Engineers'  Handbook,  p.  446) 


Diameter 
(inches) 

Approximate 

circumference 

(inches) 

Weight 

per  ft. 

(poundc) 

Approximate 
breaking 

stress 
(pounds) 

Safe  working 

stress  for 

derricks, 

factor 

of  4 

(pounds) 

Minimum  size  of  drum  or 
sheave 

Derricks 
(inches) 

Rapid  hoisting 
(inches) 

K 
He 
K 
He 
K 
H 
K 
1 

IK 
IK 
IK 
IK 

IK 
IK 
IK 

IK 

2 
2K 

2K 

3 

3K 

4 

4K 

4K 

0.22 

0.30 

0.39 

0.50 

0.62. 

0.89 

1.20 

1.58 

2.00 

2.45 

3.00 

3.55 

11,500 

16,000 

20,000 

24,600 

31.000 

46,000 

58.000 

76.000 

94.000 

116.000 

144.000 

164.000 

2.870 

4.000 

5.000 

6.150 

7.750 

11,500 

14,600 

19,000 

23,500 

29,000 

36,000 

41,000 

9 

lOK 

12 
14 
14 
16 
18 
20 
24 
28 
32 
36 

18 
,       tl 
24 
27 
33 
39 
48 
54 
60 
72 
81 
84 

41.  Chains  and  Chain  Tackle. — Essential  items  of  hoisting  and  erecting  equipment  are 
tackle  chains.  In  Fig.  80  are  shown  three  standard  types  (taken  from  Ketchum's  '^Structural 
Engineers'  Handbook, "  p.  451)  and  in  the  accompanying  table  are  given  data  on  the  strength 
of  chains  (furnished  by  the  American  Bridge  Ck).)- 


886 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sece-41 


Tbhfmiyht  ot chain  'L'(e.S>)^nj 


TbMtkighf  cfchafn  ^  L'(6.20)  *  e4.4 

i'Twin^  ^Jiook  chdn 


NtxS 


ToM  wNQht  of  chain  'U(6.B0)  ¥■  4d5 
Usuaf/Sigih  cf  L'^omt, 


Fia.  80. — Chains. 


Data  on  Chains,  American  Bridge  Company 


Sixe 

Weight  per 

foot 

(pounds) 

1 

Outside 

Outside 

Ultimate 
strength 
(pounds) 

Working  load 

Working  load 

diameter  of 
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TIMBER 

By  Henry  D.  Dbwbll 

Trees  may  be  divided  into  two  main  divisions — exogen  and  endogen.  The  first  division 
comprises  those  trees  in  which  the  wood  is  arranged  in  concentric  bands  or  layers.  This  con- 
struction results  from  each  year's  new  growth  of  the  tree  forming  an  approximate  cylinder  of 
new  wood  outside  of  the  previous  old  growth  cylinder.  The  second  class  of  trees,  the  endogen 
type,  embraces  the  palms,  bamboos,  and  other  trees  in  which  the  wood  is  not  arranged  in  bands 
or  rings. 

All  timbers  used  in  building  construction  in  North  America  may  be  said  to  fall  under  the 
exogen  class.  Two  subdivisions  of  the  exogen  trees  are  recognized — ^viz.,  (1)  conifers,  sometimes 
called  softwoods,  and  (2)  non-coniferous,  dictoyledons,  or  hardwoods.  The  terms  '* softwood" 
and  "hardwood"  are  not  correct,  as  many  of  the  coniferous  timbers  are  hard,  and  some  of  the 
non-coniferous  woods  are  comparatively  soft. 

In  the  class  of  coniferous  trees  falls  the  larger  portion  of  the  structural  timbers,  the  longleaf 
yeUow  pine,  shortleaf  yellow  pine,  Douglas  fir,  white  pine,  spruce,  hemlock,  cypress,  redwood,  etc. 
Under  the  non-coniferous,  or  hardwoods,  are  classed  the  oak,  ash,  elm,  maple,  walnut, 
hickory,  etc. 

1.  General  Characteristics  of  Timber. — ^The  cross  section  of  a  tree  of  the  exogen  type  shows 
on  the  outside  the  bark,  and,  in  the  interior,  a  series  of  concentric  rings,  those  next  to  the  bark 
being  lighter  in  color  than  the  interior.  This  outside  zone  of  rings  is  termed  the  sapwood,  as 
contrasted  with  the  darker  interior  portion,  which  is  called  the  heartwood. 

The  sapwood  is  the  living  portion  of  the  tree.  The  heartwood,  on  the  other  hand,  has 
oeased  to  grow,  and  is  only  of  structural  importance  to  the  tree.  Sapwood  is,  however,  struc- 
turally as  strong  as  heartwood,  except  in  the  case  of  old,  overmature  trees. 

The  rings  of  growth  are  termed  annual  rings,  since  a  new  layer  of  wood  is  formed  each 
season.  Each  annual  ring  is  divided  into  two  parts,  the  inner  ring  being  softer  and  lighter  in 
color  than  the  outer  ring.  The  inner  ring  is  termed  the  spring  wood,  being  formed  in  the  spring 
of  the  year,  while  the  outer,  harder,  and  darker  ring  is  the  summer  wood.  The  annual  rings  thus 
form  a  record  of  the  age  of  the  tree. 

The  general  structure  of  wood  is  cellular,  the  cells,  or  wood  elements  being  in  the  nature  of 
minute  tubes,  with  interior  cavities  called  lumina.  These  elements  vary  in  size  and  shape;  and 
different  arrangements  of  cells  characterize  different  trees.  Upon  the  character  and  arrangement 
of  the  wood  cells,  and  the  nature  and  quantities  of  the  compounds  associated  with  them  depend 
the  physical  qualities  of  the  timber.  Wood  elements  are  classified  as  wood  fibers,  tracheids, 
vessels,  pith  ray  cells,  and  wood-parenchyma  fibers.  In  the  walls  of  the  wood  elements  are 
openings,  covered  by  thin  membranes,  known  as ''  pits, ''  these  pits  being  further  classified  as  "sim- 
ple pits"  and  "bordered  pits."    The  pits  serve  to  transmit  water  between  the  wood  cells. 

In  the  coniferouB  or  loftwood  trees,  the  traoheidA  (and  in  the  non-coniferouB  or  hardwood  trees  the  wood-fibers) 
are  the  elements  of  most  importance;  these  give  the  mechanical  strength  of  the  tree.  The  tracheids  and  wood  fibers 
run  parallel  to  the  length  of  the  tree,  so  that  they  appear  in  section  in  a  cross  section  of  the  tree. 

Pith  nyi  are  cells  that  lie  in  hocisontal  planes,  and  extend  raidially  from  the  center  of  the  tree  to  the  outside, 
ecAoecting  the  vertical  elements.  These  pith  rays,  abo  called  "  medullary  rays, "  have  as  their  main  fimction  the 
transmisaion  and  storage  of  food.  Pith  rays' are  plainly  visibly  in  many  timbers,  as  for  example,  oak.  In  this 
latter  wood,  they  give  the  pleasing  appearance  in  "quartered"  or  *' quarter-sawn "  oak. 

'The  mechanical  properties  of  timber  are  affected  vitally  by  the  arrangement,  as  well  as  by  the  character,  of 
the  wood  elemente.     Since  the  wood  elements,  as  the  tracheids  and  the  wood-fibers,  are  vertical,  most  woods  are 
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comparatively  easy  to  split.  On  the  other  hand,  the  pith  rays  tend  to  hold  the  vertical  wood  elements  together 
and  thus  lessen  the  tendency  to  split. 

When  the  annual  rings  are  wid/9,  the  timber  is  said  to  be  "coarse-grained;"  and  conversely,  when  these  rin^s 
ara  narrow,  the  timber  is  said  to  be  "fine-grained."  Normally,  the  fibers  and  tracheids  are  parallel  to  the  axis  of 
the  trunk  or  limb  of  the  tree.  Such  a  condition  gives  "straight-grained"  timber.  In  many  cases,  the  fibers  may 
be  twisted  or  they  may  run  in  a  spiral  direction  giving  the  condition  termed  " cross-grained"  timber. 

The  junction  of  the  limb  and  stem  (or  tnmk)  forms  the  knots  found  in  all  structural  timber.  *'Dead*'  or 
"looee"  knots  are  formed  by  the  stubs  of  broken  or  decayed  limbs,  the  growth  of  the  tree  eventually  covering  these 
stubs. 

2.  Effect  of  Composition  on  Mechanical  Properties  of  Timbers.^ — The  chemical  composi- 
tion of  wqpd  consists  mainly  of  cellulose  and  other  materials  designated  as  lignin.  There  are 
also  present  certain  other  substances,  as  water  and  resin. 

The  weight  of  wood  depends:  (1)  on  the  amount  of  wood  substance  in  the  cell  walls,  and 
(2)  on  the  amount  of  water  contained  in  the  wood.  In  green  wood  the  second  factor  is  of  the 
greater  importance.  The  water  is  contained  in  the  substance  of  living  cells,  saturates  the  walls 
of  all  cells,  and  more  or  less  fills  the  cavities  of  all  lifeless  cells,  fibers,  and  vessels.  Sapwood 
contains  the  most  water. 

The  rate  at  which  the  water  evaporates  from  timber  depends  upon  the  structure  of  the  wood, 
and  also  upon  the  size  and  shape  of  the  stick.  High  temperatures  accelerate  the  drying  of  timber, 
even  in  humid  atmosphere.  When  timber  dries,  the  cell  walls  of  the  wood-elements  shrink. 
The  wood-elements  decrease  in  cross  section,  but  remain  approximately  of  the  same  length. 
This  phenomenon  explains  the  shrinkage  in  cross  section  of  any  piece  of  unseasoned  or  green 
timber,  and  the  approximate  absence  of  shrinkage  lengthwise.  Since  the  wood  cells  in  the  same 
tree  vary  in  thickness,  unequal  shrinkage  takes  place,  resulting  in  strains  which  tend  to  split 
and  warp  the  timber.  Again,  the  ends  of  a  stick  of  green  timber  dry  faster  than  the  interior 
portions,  producing  cracks  in  the  ends  of  such  timbers.  Such  tendency  to  crack  is  known  as 
"checking."  It  is  customary  in  lumber  yards  to  nail  strips  of  wood  across  the  ends  of  wide 
planks  or  boards,  in  order  to  prevent  the  ends  from  checking.  The  same  tendency  to  check 
exists  in  the  sides  of  timbers,  due  to  the  exposed  surfaces  drying  faster  than  the  interior. 

The  shrinkage  of  the  pith  rays  is  one  of  the  causes  of  the  longitudinal  shrinkage  of  tiinber, 
and  the  greater  the  number  of  pith  rays,  the  greater  the  longitudinal  shrinkage. 

A  log  shrinks  tangentially  to  the  annual  rings  much  more  than  radially,  since  in  a  tangential  direction  the 
cells  of  the  summer  wood  which  are  subject  to  greater  shrinkage  than  the  spring  wood,  are  continuous  across  the 
width  of  board,  but  are  interrupted  in  a  radial  direction  by  the  rings  of  the  spring  wood.  This  tangential  shrinkage 
leads  to  permanent  checks.  The  difference  in  shrinkage,  as  measured  tangentially  and  radially  to  the  annual 
rings,  explains  the  different  behavior  of  lumber  cut  tangentially,  radially,  quartered,  etc. 

The  following  table  gives  the  approximate  shrinkage  in  width  of  timber,  drying  in  open  air: 

Approximate  Lateral  Shrinkage  of  Timber  Drying  in  Open  Air 

Percentage  of 
width 

(1)  All  light  conifers  (soft  pine,  spruce,  cedar,  cypress) 3 

(2)  Heavy  conifers  (hard  pine,  tamarack,  yew),  honey-locust,  box  elder,  wood  of  old  oaks.  4 

(3)  Ash,  elm,  walnut,  poplar,  maple,  beech,  sycamore,  cherry,  black  locust 5 

(4)  Baaswood,  birch,  chestnut,  horse  chestnut,  blue  beech,  young  locust 6 

(5)  Hickory,  young  oak,  particularly  red  oak Up  to  10 

Shrinkage  of  timber  is  a  very  troublesome  factor  to  deal  with  in  the  design  and  construction  of  details.  Fully 
seasoned  timber,  unless  kiln-dried  lumber  is  purchased,  is  almost  impossible  to  obtain,  and  consequently  some 
shrinkage  is  almost  certain  to  occur.  This  shrinkage  will  cause  joints  to  open,  washers  under  bolts  and  nut  heads 
to  become  loose,  settlement  of  floors,  etc.  It  is  exceedingly  important  to  recognise  the  probability  of  shrinkage 
and  to  design  details  that  will  be  as  free  as  possible  from  the  effects  of  such  shrinkage. 

Season  checks  are  always  unsightly  but  in  interior  work  they  are  not  generally  serious  from  a  structural  stand- 
point except  in  the  case  of  beams  and  girders  where  the  \mit  longitudinal  shearing  stress  is  high.  In  such  a  case, 
season  checks  near  the  ends  oif  the  beam  reduce  the  effective  area  to  resist  longitudinal  shear.  In  construction 
exposed  to  the  weather,  season  checks  permit  moisture  to  collect  resulting  in  decay  of  the  timber. 

8.  Effect  of  Seasoning  on  Strength  of  Timber. — The  general  effect  of  seasoning  timber, 
if  such  seasoning  is  properly  done,  is  to  increase  the  strength  of  the  timber.  This  statement 
appUes  especially  to  the  strength  of  the  timber  in  bearing  across  the  grain. 

Forest  Service  Bulletin  No.  88  gives  the  results  of  bending  tests  on  green  and  air-dried 
halves  of  ten  8  X  16-in.   X  32-ft.  stringers — that  is  to  say,  ten  green  stringers,  8  X  16  in., 

1  See  also  Appendix  F,  - 
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32  ft.  long,  as  nearly  uniform  in  quality  throughout  their  lengths  as  possible  were  selected. 
The  following  is  taken  from  the  bulletin: 

One-half  of  «aoh  32-ft.  piece  was  tested  in  a  green  condition,  and  the  other  half  tested  after  air-eeasoning.  Tde 
average  moisture  content  of  the  air-seasoned  material  was  16.4%.  The  average  ultimate  strength  in  bending 
of  the  green  material  was  5440  lb.  per  sq.  in.,  while  the  same  value  for  the  air-seasoned  timber  was  6740  lb.  per 
sq.  in.,  or  an  increase  of  24%.  The  corresponding  values  for  the  elastic  limit  were  3740  and  5478  lb.  per  sq.  in., 
showing  an  increase  in  strength  due  to  seasoning  of  47%. 

A  number  of  tests  were  made  on  various  grades  of  Douglas  fir  stringers  seasoned  from  6  to  8  months;  the  grades 
select,  merchantable,  the  seconds,  being  those  defined  in  the  export  grading  rules  of  the  Pacific  Coast  Manufacturers 
Association  adopted  in  1908.  In  this  group  of  stringers  the  fiber-stress  at  elastic  limit  and  the  modulus  of  rupture, 
in  the  case  of  select  material,  was  increased,  respectively,  8%  and  5%  by  seasoning,  the  modulus  of  elabtidty 
remaining  practically  unchanged.  In  the  merchantable  material  the  increase  in  these  functions  was  respectively 
19%,  33  %,^and  6%.  In  the  seconds,  the  fiber-stress  at  elastic  limit  increased  6%,  while  the  modulus  of  rupture 
and  modulus  of  elsaticity  showed,  respectively,  a  decrease  of  12%  and  2%.  The  failures  in  seasoned  Douglas 
fir  stringers  and  car^ills  were  similar  to  those  in  green  material,  except  that  failures  in  horisontal  shear  were  mors 
common. 

Failure  in  horisontal  shear  is  more  common  in  seasoned  than  in  green  timbers,  because  the  net  areas  resisting 
shear  along  the  neutral  plane  is  often  considerably  decreased  by  checks.  It  seldom  occAirs  in  weak,  low-grade 
material,  which  fact  is  doubtless  due  to  the  dowelling-pin  action  of  the  knots  invariably  associated  with  low-grade 
timbers. 

4«  Methods  of  Seasoning  Timber. — ^The  most  satisfactory  method  of  seasoning  is  air- 
seasoning,  or  the  exposure  of  the  green  timber  to  the  drying  action  of  natural  air  currents,  the 
timber  being  protected  from  the  weather.  Lumber  to  be  thus  properly  seasoned  must  be  por- 
tected  from  rain,  piled  on  level,  firm  foundations  well  off  the  ground,  supported  at  frequent 
intervals  in  its  length,  and  ''stuck  " — ^that  is,  each  layer  of  boards  separated  from  the  adjoining 
layers  by  strips  of  timber.  The  boards  in  each  layer  should  be  separated  from  one  another. 
This  method  of  piling  allows  the  air  to  circulate  freely  around  each  stick  of  timber. 

Air-seasoning  takes  time — usually  many  months  in  order  to  thoroughly  season  the  timber.  For  this  reason 
certain  classes  of  lumber,  as  flooring,  ceiling,  etc.,  are  commonly  kiln-dried,  that  is,  exposed  to  high  temperatures 
in  a  drying  kiln.  Kiln-drying  must  be  properly  done,  else  the  timber  will  be  brittle.  Careful  regulation  of  the 
heat,  avoidance  of  extremely  high  temperatures,  prevention  of -draughts  of  outside  air,  and  the  use  of  steam  baths 
before  drying  are  factors  tending  to  reduce  the  tendency  to  brittleness. 

6.  Effect  of  Defects  on  Strength  of  Timber. — Defects,  such  as  knots,  cross-^rain,  wind 
shakes,  etc.,  dcrease  the  strength  of  timber.  Knots  are  always  co-existent  with  cross  or  di- 
agonal grain  in  the  immediate  vicinity  of  the  knot.  In  former  years,  the  effect  of  a  knot  was 
considered  most  serious  only  when  the  timber  was  subjected  to  tension.  It  has  been  proved, 
however,  that  knots  vitally  weaken  the  timber  in  compression,  due  to  the  variation  of  the  timber 
fibers  around  the  knot  from  their  normal  direction. 

Minor  defects,  such  as  pitch  pockets,  sap  stain,  etc.,  are  of  no  consequence  structurally. 

6.  Deterioration  of  Timber. — Mechanical  deterioration  of  timber  occurs  from  continued 
use.  Flooring  will  wear  out,  railway  spikes  will  become  loose  in  the  ties,  and  screws  subject 
to  continued  "working''  will  enlarge  their  holes  in  the  wood  and  pull  out.  The  probable  de- 
terioration due  to  wear  and  tear  can  be  fairly  accurately  foreseen. 

6a.  Deterioriation  Due  to  Age. — In  building  construction,  timber  properly  pro- 
tected from  the  weather  and  from  dry  rot  will  not  deteriorate  with  age,  and  in  many  cases 
increased  strength  may  result. 

66.  Deterioriation  Due  to  Decay. — The  decay  of  all  timber  in  building  construc- 
tion may  be  said  to  be  due  to  the  presence  and  action  of  bacteria  or  fungi.  Without  going  into 
a  discussion  of  the  nature  and  action  of  such  fungi,  the  conditions  conducive  to  decay  should  be 
realized.  These  are  the  presence  of  a  certain  amount  of  air,  heat,  and  moisture.  Timber  so 
situated  that  it  will  be  subject  to  a  free  circulation  of  air  at  all  times  will  not  rot.  Timber 
completely  and  permanently  immersed  in  water  or  timber  buried  deeply  without  access  tib 
any  air  will  not  decay.  On  the  other  hand,  timber  alternately  wet  and  dry  will  be  subject  to 
decay.  The  danger  of  dry-rot  in  timber  joists  so  set  in  masonry  that  free  circulation  of  air 
cannot  occur  is  well  known.  Timber  in  contact  with  the  soil  and  set  in  close  proximity  to  the 
ground  in  exterior  walls  will  decay.  In  this  connection,  the  danger  of  infection  of  otherwise 
sound  timber  from  diseased  timber  should  be  recognized.  In  many  instances  infected  timber 
is  brought  upon  the  job  from  the  lumber  yard.  Only  the  most  careful  inspection  can  prevent 
such  a  circumstance,  and  the  only  recourse  should  be  the  rejection  and  removal  of  each  affected 
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stick  unless  by  cutting  off  to  safely  remove  all  vestige  of  "date"  the  shortened  stick  may  he 
made  available. 

Certain  timbers,  as  cedar  and  redwood,  are  very  resistant  to  the  action  of  fungi. 

6c.  Deterioration  Due  to  Animal  Life. — In  timber  exposed  to  sea  water,  deterio- 
ration may  occur  from  marine  life,  as  the  teredo  and  the  hmnoria;  in  the  case  of  land  structures, 
certain  wood  borers,  as  the  beetles  and  termites,  destroy  timber.  Protection  against  destruc- 
tion from  marine  life  must  be  given  by  the  designer  of  timber  structures;  protection  of  timber 
from  deterioration  due  to  land  life  is  properly  the  function  of  the  forester  and  horticulturist. 

7.  Treatment  of  Timber  to  Prevent  Decay. — ^The  prevention  of  decay  in  timber  should  be 
given  as  careful  consideration  by  the  structural  designer  as  is  the  strength  of  a  joint.  Details 
of  design  should  be  so  drawn  that  the  timber  is  protected  from  the  weather  and  from  moisture, 
has  no  contact  with  the  ground,  and  has  access  to  circulation  of  air.  Unseasoned  timber  should 
not  be  painted.  The  presence  of  an  air-excluding  film  of  paint  around  a  green  stick  of  timber 
is  almost  certain  to  result  in  dry-rot.  The  underpinning  of  a  building  should  be  well  ventilated, 
Green  lumber  should  not  be  used  for  flooring  or  other  tightly  driven  work.  The  ends  of  floor 
joists  when  embedded  in  masonry  walls  should  have  space  around  them  to  give  access  to  air. 
Contact  faces  of  timber  to  timber,  and  timber  to  metal,  may  well  be  painted  with  a  good  wood 
preservative. 

When  further  measures  than  good  design  are  required  to  prevent  decay  of  timber,  treat- 
ment by  preservatives  must  be  resorted  to.  Two  methods  are  used:  (1)  impregnation  of  the 
timber  with  the  preservative,  and  (2)  brush  or  surface  treatment  of  the  timber. 

The  most  common  wood  preservatives  used  are  creosote,  sine  chloride,  copper  sulphate  and  mercury  chJoride* 
and  combinations  of  these.     Of  the  above,  creosote/i.nd  sine  chloride  are  probably  used  most  extensively. 

In  the  impregnation  process,  the  timber  is  firet  treated  by  drying  or  steaming,  and  then  subjected  to  a  bath 
of  the  preservative  under  pressure.  The  impregnation  process  is  much  more  effective  than  surface  treatment,  and 
is  ordinarily  done  at  specially  designed  plants. 

The  surface  treatment  of  timber  with  wood  preservative  is  accomplished  by  painting  the  timber  with  the 
preservative,  or  by  dipping  the  timber  in  an  open  bath  of  the  preservative.  This  work  is  done  on  the  job.  Timber 
to  be  thus  treated  should  be  seasoned  and  dry,  otherwise  the  treatment  is  more  or  less  ineffective.  The  preaervative 
should  be  heated.  Dipping  is  far  preferable  to  painting.  All  timber  dipped  should  remain  in  the  hot  liquid  at  least 
15  min.  An  advantage  is  claimed  by  some  experimenters  for  an  alternate  soaking  in  hot  and  cold  preservative. 
For  brush  treatment,  at  least  two  surface  treatments  with  hot  preservative  are  necessary,  and  three  are  to  be 
advised. 

8.  Sawing  of  Timber. — Boards  and  planks  arc  ordinarily  cut  tangentially, — ^that  is, 
tangent  to  the  annual  rings  of  the  log.  This  method  is  known  as  flat  sawing,  and  the  boards 
or  planks  are  said  to  have  flat  grain,  bastard  grain,  or  to  be  slash  cut. 

In  quarter-sawing  the  logs  are  cut  into  quarters,  and  then  sawed  across  the  annual  rings. 
This  method  is  also  known  as  rift  sawing,  and  the  material  thus  cut  is  paid  to  have  edge  grain. 
Quarter-sawing  gives  the  beautiful  graining  seen  in  quarter-sawed  oak  and  similar  timbers. 
Edge-grained  lumber  also  shrinks  and  warps  less  than  flat-sawed  lumber,  does  not  sliver,  and 
gives  greater  resistance  to  wear,  as  in  vertical-grain  flooring. 

Timbers  in  which  the  heart  of  the  tree  is  enclosed  in  the  cross  section  are  said  to  be  "  boxed-hearts."  Such 
timbers  will  check  deeply  on  all  sides,  with  radial  checks  extending  deeply  into  the  section. 

9.  Classification  of  Lumber. — The  following  extracts  from  the  General  Timber  Specifica- 
tions adopted  by  the  American  Society  for  Testing  Materials,  August  1915,  indicate  the  nature 
of  defects,  number  and  character  of  those  allowed,  also  the  specifications  for  the  various  grades 
of  lumber,  including  the  definition  of  the  "density  "  rule  for  Southern  yellow  pine. 

Knots. — Knots  shall  be  classified  as  round  and  spike  in  form;  and  fcr  quality,  as  sound,  encased,  loose,  and 
unsound.     Knots  are  also  classed  as  to  size. 

A  sound  knot  is  one  which  is  solid  across  its  face  and  which  is  as  hard  as  the  wood  surroimding  it;  it  may  be 
either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will  retain  its  place  in  the  piece.  A  looae  knot  is  one 
not  firmly  held  in  place  by  growth  or  position.  A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  ^  in.  in 
diameter.  '  An  encased  knot  is  one  whose  growth  rings  are  not  intergrown  and  homogeneous  with  the  growth  rings 
of  the  piece  it  is  in.  The  encasement  may  be  partial  or  complete;  if  intergrow^n  partially  or  so  fixed  by  growth  or 
position  that  it  will  retain  its  place  in  the  piece,  it  shall  be  considered  a  sound  knot;  if  completely  intergrown  on 
one  face,  it  is  a  water-light  knot.  An  unsound  knot  is  one  not  as  hard  as  the  wood  it  is  in.  A  pin  knot  is  a  sound 
knot  not  over  ^  in.  in  diameter.  A  standard  knot  is  a  sound  knot  not  over  IH  in-  in  diameter.  A  large  knot  is 
a  sound  knot,  more  than  IK  in.  in  diameter.  A  round  knot  is  one  which  is  oval  or  circular  in  form.  A  «piA:« 
knot  is  one  sawn  in  a  lengthwise  direction ;  the  mean  or  average  width  shall  be  considered  in  measuring  these  knots. 
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Wane. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause,  on  edses  of  timbers. 

ShakM. — Shakes  are  splits  or  checks  in  timbers  which  usually  cause  a  separation  of  the  wood  between 
annual  lings.  Ring  shake  is  an  opening  between  the  annual  rings.  Through  shake  is  a  shake  which  extends 
between  two  faces  of  a  timber. 

Shakes  not  hereinbefore  described  unless  known  to  have  extensive  penetration  shall  not  be  considered  a  defect 
under  this  classification. 

Sitw. — AH  rough  timber,  except  No.  1  Common,  must  be  full  sise  when  green.  ^^  in.  shall  be  allowed  for  each 
side  surfaced. 

Length: — Standard  lengths  are  multiples  of  2  ft.,  8  to  20  ft.  inclusive;  extra  lengths  are  multiples  of  2  ft., 
2  ft.  and  longer.    When  lineal  average  is  specified,  standard  of  lengths  shall  be  multiples  of  1  ft. 

Heart  Timbere.'—AXi  timber  specifications,  except  "Merchantable"  and  "Select  Structural  Timbers"  specify- 
ing heart  requirements,  shall  be  considered  as  a  special  contract,  and  shall  specify  whether  the  heart  requirements 
refer  to  surface  or  girth  measurements  in  each  piece. 

No.  1  Common  Timbert. — May  be  either  dense  or  sound  pine.  Unless  otherwise  specified,  this  grade  will 
admit  any  amount  of  sapwood. 

Common  timbers,  rough,  4X4  and  larger,  may  be  yi  in.  soant  in  either  or  both  of  its  dimensions,  shall  be  well 
roanufaotored  and  may  have  IH  in*  wane  on  one  comer,  }i  the  length  of  the  piece,  or  its  equivalent  on  two  or 
more  comers,  the  wane  measured  on  its  face. 

Timbers  10  X  10  may  have  2  in.  wane  as  above;  the  larger  sixes  may  have  wane  as  above  in  proportion  tosises. 

Common  timbers  may  contain  sound  knots  and  pith  knots,  provided  that  the  diameter  of  any  one  knot  shall 
not  exceed  the  following  in  sise : 


2      in. 

in 

4X4 

to 

6X6 

2Hin. 

in 

6X8 

to 

8    X  10 

3      in. 

in 

10  X  10 

to 

10  X  12 

3Hin. 

in 

12  X  12 

to 

12  X  14 

4      in. 

in 

14  X  14 

to 

14  X  16 

4Hin. 

in 

16  X  16 

to 

16  X  18 

In  aisee  not  mentioned  the  diameter  of  knots  admissible  will  increase  or  decrease  in  proportion  to  the  sise  of  the  tim- 
bers on  same  basis  as  above  specified. 

In  determining  the  sise  of  knots,  mean  or  average  diameter  shall  be  taken,  or  the  equivalent  of  the  above 
in  grouped  knots  at  any  one  point. 

Will  admit  shakes  extending  H  the  length  of  the  piece,  round  or  ring  shakes,  unsound  knots  IH  in.  or  less  in 
diameter,  a  limited  number  of  pin  worm  holes,  well  scattered,  sap  .stain,  and  seasoning  checks.  Unless  otherwise 
specified,  this  grade  will  admit  any  amount  of  sap  stain. 

Square  edge  and  Sound  Timbere. — May  be  either  dense  or  sound  pine.  Unless  otherwise  specified,  this  grade 
will  admit  any  amount  of  sapwood. 

Square-edge  and  sound  timbers  shall  be  well  manufactured  and  shall  be  free  from  defects  such  as  injurious 
ring  or  round  shakes  and  through  shakes  that  extend  to  the  siirface,  unsound  and  loose  kaots  and  knots  in  groups 
that  will  materially  impair  the  strength,  and  shall  be  free  from  wane.  Seasoning  checks  and  sap  stain  shall  not  be 
considered  defects. 

Merehantahie  Timbere. — May  be  either  dense  or  sound  pine.  All  merchantable  timbers  shall  be  well  manu- 
factured and  shall  be  free  from  defects,  such  as  injurious  ring  and  round  shakes  and  through  shakes  that  extend  to 
the  surface,  unsound  and  loose  knots,  and  knots  in  groups  that  will  materially  impair  the  strength.  Seasoning 
checks  and  sap  stain  shall  not  be  considered  defects. 

Sises  under  0  in.  on  the  largest  dimension,  shall  show  ^i  or  more  heart  on  both  of  the  wide  faces.  When 
sticks  are  square,  the  face  showing  the  most  heart  shall  govern  the  inspection  on  sises  under  9  in.,  and  the  two  faces 
sfaowinc  the  most  heart  shall  govern  the  inspection  when  9  in.  and  over.  Heart  showing  the  full  length,  even  if  not 
H  of  the  area  as  above,  shall  meet  the  requirements  of  this  qualify. 

Wane  not  exceeding  H  of  the  dimension  of  the  face  and  yi  of  the  length  of  the  piece  on  one  corner,  or  the 
equivalent  on  two  or  more  comers  or  not  to  exceed  10  %  of  the  pieces,  shall  be  admitted. 

Southern  Yellow  Pine. — This  term  includes  the  species  of  yellow  pine  growing  in  the  Southern  States  from  Vir- 
ginia to  Texas — that  is,  the  fonm  hitherto  known  ss  longleaf  jnne  (Pinus  palustris),  shortleaf  pine  (Pinus  echinata), 
loblolly  pine  (Pinus  taeda),  Cuban  jiine  (Pinus  heterophyla)  and  pond  pine  (Pinus  serotina). 

Under  this  heading  two  classes  of  timber  are  designated:  (a)  dense  Southern  yellow  pine,  and  (b)  sound  South- 
ern yellow  pine.     It  is  understood  that  these  two  terms  are  descriptive  of  quality  rather  than  of  botanical  species. 

(a)  Dense  Southern  yellow  pine  shall  show  on  either  end  an  average  of  at  least  6  annual  rings  per  inch  and  at 
least  H  summer  wood,  or  else  the  greater  number  of  rings  shall  show  at  least  H  summer  wood,  all  as  measured 
over  the  third,  fourth,  and  fifth  inches  of  a  radial  line  from  the  pith.  Wide-ringed  material  excluded  by  this  rule 
will  be  acceptable,  provided  that  the  amount  of  summer  wood  as  above  measured  shall  be  at  least  one-half. 

The  contrast  in  color  between  summer  wood  and  spring  wood  shall  be  sharp  and  the  summer  wood  shall 
be  dark  in  color,  except  in  pieces  having  considerably  above  the  minimum  requirement  for  summer  wood. 

In  cases  where  timbers  do  not  contain  the  pith,  and  it  is  impossible  to  locate  it  with  any  degree  of  acciiracy 
the  same  inspection  shall  be  made  over  3  in.  on  an  approximate  radial  line  beginning  at  the  edge  nearest  the  pith 
in  timbers  over  3  in.  in  thickness  and  on  the  second  inch  (on  the  piece)  nearest  to  the  pith  in  timbers  3  in.  or  less  in 
thickness. 

In  dimension  material  containing  the  pith  but  not  a  5-in.  radial  lino,  which  is  less  than  2  X  8  in.  in  section  or 
l««s  than  8  in.  in  width,  that  doe«  not  show  over  16  sq.  in.  on  the  cross-section,  the  inspection  shall  apply  to  the  see- 
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ond  inch  from  the  pith.  In  larger  material  that  does  not  show  a  5-in.  radial  line  the  inspection  shall  apply  to  the 
three  inches  farthest  from  the  pith. 

The  radial  line  chosen  shall  be  representative.  In  case  of  disagreement  between  purchaser  and  seller,  the 
average  summer  wood  and  number  of  rings  shall  be  the  average  of  the  two  radial  lines  chosen. 

(b)  Sound  Southern  yellow  pine  shall  include  pieces  of  Southern  Pine  without  any  ring  or  summer  wood  re- 
quirement. 

10,  Strength  Values  of  Timber. — Probably  the  most  comprehensive  study  ever  made  of  the 
strength  values  of  structural  timber  was  that  made  by  the  American  Railway  Engineering  Assso- 
elation,  through  their  Committee  on  Wooden  Bridges  and  Trestles.  The  ultimate  and  working 
stresses  recommended  by  that  committee  are  given  in  the.  accompanying  table.  The  table 
gives  no  working  unit  stresses  for  pure  tension.  The  working  unit  resistance  to  tension  may  be 
taken  the  same  as  for  bending. 

The  working  unit  stresses  as  given  (increased  60  %  for  buildings)  are  the  highest  that  should 
be  taken  for  any  structural  timber;  and  for  timber  not  better  than  what  is  generally  known  as 
No.  1  Common,  it  is  here  recommended  that  unit  stresses  not  exceeding  25  %  of  those  given  in 
the  table,  be  used  in  building  construction. 


Working  Unit  Stresses  For  Structual  Timber 

Adopted  by  the  American  Railway  Engineering  Association 

The  working  unit  stresses  given  in  the  table  are  intended  for  railroad  bridges  and  trestles.  For  highway 
bridges  and  trestles,  the  unit  stresses  may  be  increased  25%.  For  buildings  and  similar  structures,  in  which  the 
timber  is  protected  from  the  weather  and  practically  free  from  impact,  the  unit  stresses  may  be  decreased  50  Tt. 
To  compute  the  deflection  of  a  beam  under  long  continued  loading  instead  of  that  when  the  load  is  first  applied, 
only  50%  of  the  corresponding  modulus  of  elasticity  given  in  the  table  is  to  be  employed. 

Unit  Stresses  in  Pounds  Per  Square  Inch 


Bending 

.  Shearing 

1 

Compression 

L 

Extreme 

Modulus 

Parallel  to 

Longitudinal 

Perpendi- 

Parallel to 

Working 

fiber 

of 

to  the 

inal  shear 

cular  to 

to  the 

stresses  for 

stress 

elasticity 

grain 

in  beams 

to  the 

grain 

columns 

Kind 

grajn 

of 
timber 

1 

« 

Aver- 
age 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Elas- 
tic 
limit 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Lgth. 
un- 

Lgth. 
over 

ulti- 

stress 

Average 

ulti- 

stress 

ulti- 

stress 

stress 

ulti- 

stress 

der 

15Xd 
^*       60d 

mate 

mate 

mate 

mate 

16Xd 

Douglas  fir 

6100 

1200 

1,510,000 

690 

170 

270 

110 

630 

310 

> 
3600 

1200 

900 

1200 

Longleaf 

pine 

6500 

1300 

1,610,000 

720 

180 

300 

120 

520 

260 

3800 

1300 

975 

1300 

Shortleaf 

pine 

5600 

1100 

1,480,000 

710 

170 

330 

1.30 

340 

170 

3400 

1100 

825 

1100 

White  pine 

4400 

900 

1,130,000 

400 

100 

180 

70 

290 

150 

3000 

1000 

750 

1000 

Spruce .... 

4800 

1000 

1,310,000 

600 

150 

170 

70 

370 

180 

3200 

1100 

825 

1100 

Norway 

pine 

4200 

800 

1,190,000 

590* 

130 

250 

100 

■    •    • 

150 

2600* 

800 

600 

800 

Tamarack. 

4600 

900 

1,220,000 

670 

170 

260 

100 

•    •    • 

220 

3200  • 

1000 

750 

1000    * 

Western 

hemlock. . 

6800 

1100 

1,480,000 

630 

160 

270* 

100 

440 

220 

3500 

1200 

900 

1200 

Redwood . 

5000 

900 

800,000 

300 

80 

■    •    • 

•    ■    ■ 

400 

150 

3300 

900 

675 

900 

Bald 

cypress. . . 

4800 

900 

1,150,000 

500 

120 

«      ■      k 

•   •  • 

340 

170 

3900 

1100 

825 

1100 

Red  cedar. 

4200 

800 

800,000      . . . 

■   •    • 

•      >      ■ 

•   •   • 

470 

230 

2800 

900 

675 

900 

White  oak. 

5700 

1100 

1,150,000     840 

1 

210 

270 

110 

920 

450 

3500 

1300 

975 

1300 

Unit  streesos  are  for  green  timber  and  are  to  be  used  without  increasing  the  live  load  stresses  for   impact. 
Values  noted  *  are  for  partially  air  dry  timbers. 

In  the  formulas  given  for  columns,  I  >■  length  of  column,  and  d  =  least  aide  or  diameter,  in  inches. 


Sec.  7-11] 


BUILDING  MATERIALS 


893 


11.  Sizes  and  Lengths  of  Framing  Timbers. — The  nominal  sizes  in  which  framing  timbers 
may  be  purchased  is  indicated  in  the  following  table: 


Nominal  Sizes 

OF  Fkaming  Timber 

2X4 

4X4 

2X6 

2HX6  • 

3X6 

4X6 

6X6 

2X8 

2HX8  • 

3X8 

4X8 

6X8 

8X8 

2X10 

2HX10* 

3X10 

4X10 

6X10 

8X10 

10X10 

2X12 

2HX12* 

3X12 

4X12 

6X12 

8X12 

10X12 

12X12 

\ 

2X14 

2MX14* 

3X14 

4X14 

6X14 

8X14 

10X14 

12X14 

14X14 

2X16 

2H  X16' 

3X16 

4X16 

6X16 

8X16 

10X16 

12X10 

14X16 

16X16 

2X18 

2MX18* 

3X18 

4X18 

6X18 

8X18 

10X18 

12X18 

14X18 

16X18 

18X18 

6X20 

8X20 

10X20 

12X20 

14X20 

16X20 

18X20 

20X20 

16X22 
16X24 

18X22 
18X24 
18X26 

20X22 
20X24 
20X28 
20X30 

•  For  Yellow  Pine  Only. 

All  siseB  above  18-in.  depth  for  Douglas  Fir  only. 

Other  sizes,  such  as  2  X  3,  2  X  5,  2  X  7,  2  X  9,  3  X  4,  and3  X  5  are  sawed  by  a  few  mills, 
but  are  not  common.  2  X  3  in  Douglas  Fir  is  shipped  into  California  by  the  northern  mills. 
The  largest  sbes  of  timbers  listed  in  the  above  table  are  not  ordinarily  carried  in  stock,  and  must 
be  ordered  under  special  contract. 

Rail  shipments  of  dimension  lumber  are  generally  shipped  surfaced  one  side  one  edge;  water  shipments,  in  the 
rough.  If  rough  sixes  are  desired,  the  shipment  should  be  so  ordered  under  special  contract.  The  siies  of  timbers 
surfaced  one  side  one  edge  (written  SISIE)  are  shown  in  tables  on  pp.  104  to  114  incl. 

12.  Measurement  of  Lumber. — In  the  United  States,  all  lumber,  except  as  noted  below, 
is  cut  and  sold  in  even  lengths,  as  12  ft.,  14  ft.,  16  ft.,  18  ft.,  etc.  Timbers  will  usually  over- 
run such  lengths  a  small  amount.  Thus  a  10  X  10  timber  ordered  as  a  16-ft.  length  may 
actually  be  16  ft.  4  in.  long.  However,  this  full  excess  length  cannot  be  counted  upon.  The 
excess  length  may  be  only  sufficient  to  allow  a  full  16-ft.  length  after  cutting  the  ends  square. 
Any  odd  or  fractional  lengths  of  timbers  required  in  a  buildiAg  must  be  purchased  as  the  next 
higher  even  length.  A  study  of  the  size  of  building  and  arrangement  of  walls,  posts,  story 
heights,  etc.  may  sometimes  result  in  a  considerable  saving  in  lumber  by  the  elimination  of 
cutting  lengths  of  timbers  that  are  slightly  under  standard  lengths. 

All  lumber,  except  some  finishing  lumber,  is  sold  by  board-measure,  the  unit  of  which  is 
the  board  foot.  One  board  foot  of  lumber  is  144  cu.  in.  Expressed  in  another  way,  a  board 
foot  is  the  equivalent  of  a  12-in.  length  of  board,  1  in.  thick  and  12  in.  wide.  For  example,  a 
piece  of  timber  6  in.  square  and  14  ft.  long  has  42  board  feet.  To  compute  the  board  feet  in 
any  timber,  divide  the  product  of  the  sectional  area  of  the  stick  and  the  length  of  the  timber 
by  the  factor  12,  and  the  result  will  be  the  number  of  board  feet  in  the  timber. 

^'In  making  out  a  lumber  list,  the  information  to  be  given  is  the  number  of  pieces,  sectional  dimensions ,  length, 
kind  of  timber,  quality,  and  statement  of  whether  the  lumber  is  to  be  rough  or  surfaced. 
Tliia  information  is  usually  presen.ted  in  the  following  manner: 

4  -  8"  X  10"  -  16'  Douglas  ^ir  No.  1  Common  S4S. 

The  first  number  gives  the  number  of  pieces,  the  next  two,  the  thickness  and  depth,  respectively,  and  the  fourth 
number  the  length.  The  smallest  cross-sectional  dimension  is  written  first,  thus,  2"  X  4"  rather  than  4"  X  2^'. 
The  abbreviation  S4S  indicates  that  the  timbers  are  to  be  surfaced  f Aur  sides. 

The  board  feet  in  the  four  sticks  would  be  the  product  of  the  four  numbers  divided  by  12,  or  427  board  feet. 

Many  tables  are  published  giving  the  board  feet  measure  of  commercial  sixes  of  timbers.  The  accompanying 
table  shows  the  contents  of  timbers  in  board-measure.  However,  with  a  little  practice,  one  can  compute  the  quan- 
tities almost  as  fast  as  by  the  use  of  a  table  by  performing  the  simpler  multiplication  mentally,  factoring  where 
possible.  Thus,  in  the  example  given  above,  80X16XH  "-SOx  5>i  —  427  board  feet.  The  nominal  cross- 
sectional  dimensions  are  always  used,  ».e.,  8"  X  10",  instead  of  the  finished  dimensions,  7K"  X  9H"> 

The  following  extracts  are  taken  from  the  1917  Standard  Specifications  for  Grades  of  South- 
ern Yellow  Pine  Lumber  of  the  Southern  Pine  Association. 
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Tablb  of  Board  Mbaburb 

Table  shows  the  number  of  board  feet  in  various  sixes,  for  lengths  varying  from  10  to  32  ft 


Sise  in  inohes 

Length  in  feet 

.-              ....       .^ _ — ^ — , < — - —         -  - 

— 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

2X  4 

W 

8 

9H 

lOH 

12 

13H 

UH 

16 

17H 

ISH 

29 

21H 

2X  6 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

80 

32 

2X  8 

13H 

16 

ISH 

21M 

24 

26M 

29H 

32 

34H 

37H 

40 

42H 

2X10 

16H 

20 

23H 

26H 

30 

33M 

36H 

40 

43H 

46M 

50 

63>i 

2X12 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

2X14 

23H 

28 

S2H 

37H 

42 

46M 

51H 

56 

60H 

65M 

70 

74H 

2X16 

26H 

32 

37H 

42^ 

48 

53H 

68H 

64 

60H 

74H 

80 

S5H 

2X18 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

2X20 

33H 

40 

46H 

53H 

60 

66H 

73H 

80 

8QH 

93H 

100 

106>j 

3X  6 

15 

18 

21 

24 

27 

30 

33 

36 

89 

42 

45 

48 

3X  8 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

3X10 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

3X12 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

3X14 

35 

42 

49 

56 

63 

70 

77 

84 

91 

98 

105 

112 

8X16 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

3X18 

45 

54 

63 

72 

81 

90 

99 

108 

117 

126 

135 

144 

3X20 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

4X  4 

13M 

16 

ISH 

21H 

24 

26H 

29H 

32 

34H 

37H 

40 

42« 

4X  6 

20 

24 

28 

32 

36 

50 

-    44 

48 

52 

56 

60 

64 

4X  8 

26H 

32 

37H 

42>i 

48 

53H 

6SH 

64 

69M 

74M 

80 

85H 

4X10 

33>i 

40 

46H 

53X 

60 

eQH 

73H 

80 

S6H 

93H 

100 

106H 

4X12 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

4X14 

46H 

56 

65H 

7AH 

84 

93H 

102H 

112 

121H 

130H 

140 

149H 

•4X16 

53H 

64 

74H 

85H 

96 

106H 

117H 

128 

138H 

149H 

160 

170^ 

4X18 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

170 

102 

4X20 

66H 

80 

9»H 

106H 

120 

133H 

146H 

160 

173H 

ISdH 

200 

213H 

6X  6 

30 

36 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

6X  8 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

6X10 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

6X12 

60 

72   84 

96 

108 

120 

132 

144 

156 

168 

180 

192 

6X14 

70 

84   98 

112 

126 

140 

154 

168 

182 

196 

210 

224 

6X16 

80 

96  112 

128 

144 

160 

176 

192 

208 

224 

240 

256 

6X18 

90 

108 

126 

144 

162 

180 

198 

216 

234 

252 

270 

288 

6X20 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

8X  8 

63H 

64 

74?i 

85H 

96 

106H 

117H 

128 

138H 

149H 

160 

170H 

8X10 

66H 

80 

93H 

106M 

120 

133H 

146« 

160 

173H 

18QH 

200 

213H 

8X12 

80 

96 

112 

128 

144 

160 

176 

192 

208 

224 

240 

256 

8X14 

93H 

112 

130H 

149H 

168 

18QH 

205H 

224 

242« 

261 H 

280 

298« 

8X16 

106H 

128 

149M 

noH 

192 

213H 

234H 

256 

277H 

29SH 

320 

341>i 

8X18 

120 

144 

168 

192 

216 

240 

264 

288 

312 

336 

360 

384 

8X20 

133H 

160 

186^ 

213H 

240 

2Q6H 

293H 

320 

346H 

373M 

400 

426H 

10X10 

83H 

100 

IIQH 

133>^ 

150 

166H 

.  183H 

200 

216H 

233M 

250 

266H 

10X12 

100 

120 

140 

ibo 

180 

200 

220 

240 

260 

280 

300 

320 

10X14 

116H 

140 

163M 

186H 

210 

233H 

256H 

280 

303H 

326M 

350 

373H 

10X16 

133H 

160 

18QH 

213M 

240 

266H 

293H 

320 

Z46H 

373M 

400 

426^ 

10X18 

150 

180 

210 

240 

270 

300 

330 

360 

390 

420 

450 

480 

10X20 

166M 

200 

233H 

266^ 

300 

333H 

366H 

400 

433M 

466|i 

500 

533H 

12X12 

120 

144 

168 

192 

216 

240 

264 

288 

312 

336 

360 

384 

12X14 

140 

168 

196 

224 

252 

280 

308 

336 

361 

392 

420 

448 

12X16 

160 

192 

224 

256 

288 

320 

352 

384 

416 

448 

480 

512 

12X18 

180 

216 

252 

288 

324 

360 

396 

432 

468 

504 

540 

576 

12X20 

200 

240 

280 

320 

360 

400 

440 

480 

520 

560 

600 

640 
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Sise  in  inches 

• 

Length  in  feet 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

82 

14X14 

163H 

196 

228>i 

261H 

294 

32d« 

359H 

392 

424?i 

1 
457H 

490 

522« 

14X16 

186H 

224 

261H 

298.H 

336 

373H 

410?i 

448 

485H 

522H 

560 

697H 

14X18 

210 

252 

294 

336 

378 

420 

462 

504 

546 

588 

630 

672 

i4xao 

233M 

280 

326H 

373H 

420 

46<iH 

613H 

560 

606H 

653H 

700 

746« 

16X16 

213H 

256 

298H 

341H 

384 

426K 

469H 

512 

554H 

597H 

640 

682H 

16X18 

240 

288 

336 

384 

432 

480 

528 

576 

624 

672 

720 

768 

16X20 

266H 

320 

373M 

426>i 

480 

533M 

586^ 

640 

693H 

746H 

800 

853« 

16X22 

293H 

352 

410H 

469H 

528 

586M 

646H 

704 

762H 

821H 

880 

938^ 

16X24 

320 

384 

448 

512 

676 

640 

704 

768 

832 

896 

960 

1024 

18X18 

270 

324 

378 

432 

486 

540 

594 

648 

702 

756 

810 

864 

18X20 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

18X22 

330 

396 

462 

528 

594 

660 

726 

792 

858 

924 

990 

1056 

18X24 

360 

432 

504 

676 

648 

720 

792 

864 

936 

1008 

1080 

1152 

20X20 

333M 

400 

466H 

633H 

600 

666M 

733  H 

800 

1 
866H 

933H 

1000 

1066H 

20X22 

366M 

440 

6I3H 

586H 

660 

733H 

806^^ 

880 

953H 

1026^ 

1100 

ll73>i 

20X24 

400 

480 

560 

640 

720 

720 

880 

960 

1040 

1120 

1200 

1280 

22X22 

403M 

484 

564H 

645M 

726 

806^ 

887H 

968 

1048H 

1129« 

1210 

1290H 

22X24 

440 

528 

616 

704 

792 

880 

968 

1056 

1144 

1232 

1320 

1408 

24X24 

480 

576 

672 

768 

864 

960 

1056 

1152 

1248 

1344 

1440 

1536 

26X26 

563H 

676 

79»H 

901H 

1014 

1126^^ 

1239H 

1352 

UMH 

1577H 

1690 

1802H 

Standaid  Imngthn  (of  lumber)  are  multiples  of  2  ft.,  4  to  24  ft.,  inclusive,  for  Boards,  Fencing,  Dimension, 
Joists  and  Timbers:  multiples  of  1  ft.,  4  to  20  ft.,  inclusive,  for  Finishing,  Flooring,  Ceiling,  Siding,  Partition, 
CSasing,  Base,  Window  and  Door  Jambs— except  as  hereinafter  specified.  Longer  or  shorter  lengths  than  those 
herein  ^wafied  are  q[>eoial.  Special  fractional  lengths,  when  ordered,  will  be  counted  as  the  next  higher  standard 
length. 

The  standard  widths  for  lumber,  SIS  or  S2S  or  rough,  excluding  Dimension,  shall  be  multiples  of  1  in.,  3  in. 
and  up  in  width. 

All  dressed  stock  shall  be  measured  and  sold  strip  count,  vii.:  full  siie  of  rough  material  necessarily  used  in  its 
manufacture.    All  sises  1  in.  or  less  in  thickness  sliall  be  counted  as  1  in.  thick. 

IS.  Finishing  Lumber,  Flooring,  Ceiling,  Rustic,  etc. — The  following  extracts  are  taken 
from  the  1917  Standard  Specifications  for  Grades  of  Southern  Yellow  Pine  Lumber  of  the 
Southern  Pine  Association: 

1.  Drtued  YelUno  Pine  Finiahing. 

Finishing  shall  be  dressed  to  the  following  sixes: 
1-in.  SIS  or  2S  to  IHe  in. 
tyi-in.  SIS  or  2S  to  IH  in. 
IH-in-  SIS  or  2S  to  IH  in. 
24n.  SIS  or  2S  to  IH  in. 
These  thicknesses  also  apply  when  S4S. 
The  standard  widths  of  S4S  shall  be  as  follows: 

IX    4 3H  in. 

IX    6 4?^  in. 

IX    6.- 5H  in. 

IX    7 6M  in. 

IX    8 7H  in. 

IX    9 8H  in. 

1  X  10 9H  in. 

1  X  11 lOH  in. 

1  X  12 UK  in. 
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The  foregoing  widths  sliall  also  apply  to  etook  wider  than  1  in. 
Standard  lengtha  are  8  to  20  ft. 

2.  Pond  ahop  is  10  and  12  in.  wide,  aJl  lengths  from  8  to  20  ft.  or  longer. 

3.  Floonno.—-!  X  3,  1  X  4.  and  1  X  6  shall  be  worked  to  ^  He  in.  by  2^,  2H.  Zki  and  5H  in. 

1^-in.  flooring  shaU  be  worked  to  IHs  in*  thick,  and  IH'Ui.  flooring  shall  be  w^orked  to  IMe  in.  thick,  the 
sanvB  width  and  the  same  matching  as  1-in.  stock. 

4.  Ceiling. — Ceiling  shall  be  worked  to  the  following: 

f<  in He  in. 

Hin Hsin. 

H  in H  «  in. 

Kin »Kein. 

Same  widths  as  flooring.     The  bead  on  all  Ceiling  and  Partition  shall  be  depressed  Hs  in.  below  surface 
of  piece. 

5.  Drop  Siding. — D  and  M  (dressed  and  matched)  shall  be  worked  to  K  X  3K  and  5>^  in.,  3H  and  5>a  io. 

over  all.     Worked  shiplap  to  ^  X  3  and  5,  3H  and  5H  in.  over  all. 

6.  Bevel  Siding  shall  be  made  from  stock  S4S,  worked  to  ^Me  in.  by  3H  and  5>i  in.,  and  resawed  on  a  bevel. 

7.  Partition  shall  be  worked  to  >^  X  3>^,  and  5}i  in. 

8.  Molded  Gating  and  Base,  Window  and  Door  Jamba. — Sises  of  molded  Casing  and  Base  should  be  worked  to 

^  in,,  as  per  patterns  shown  in  Southern  Pine  Association  Molding  Book. 
Window  and  Door  Jambs,  Dressed,  Rabbeted,  and  Plowed  as  ordered. 
0.  Common  Boardt,  Shiplap,  and  Bam  Siding. — Sises  of  Boards.— 1-in.  SlS  or  2S  to  ^Me.  IK-in.  SIS  or  2S  to 
IH.  iM-in.  SIS  or  2S  to  IH,     These  thicknesses  also  apply  to  S4S. 

All  l-io.  Common  lumber  which  is  ordered  dressed  one  or  two  sides,  one  edge,  may  be  dressed  to  bring 
the  width  H  in.  scant  of  full  width. 

Boards  1X8.  84S.  shaU  be  worked  7H  in.  wide;  1  X  9  -  8H  in.;  1  X  10  -  9M  in.:  1  X  11  -  IOV2 
in.;  1  X  12-llMin. 

Sites  of  No.  1  Common  D.  &  M.  and  Bam  Siding. — 8,  10  and  12-in.  shall  be  worked  to  H  X  7M,  OH.  and 
IIH  in. ;  D.  A  M.  shall  be  S2S  4c  C.  M.  Shiplap  worked  to  K-in.  thick  face,  same  width  as  D.  &  M.  and 
Barn  Siding. 

The  following  quotations  are  from  "Rail  A,  Jan.  1,  1917,  Standard  Classification,  Grading, 
and  Dressing  Rules  for  Douglas  Fir,  Spnioe,  Cedar,  and  Western  Hemlock  Products  "  published 
by  the  West  Coast  Lumbermen's  Association; 

GRADES  AND  STANDARD  SIZES 

Fir  Flqpring 

Sises:  K  X  3.  H  X  4,  ^  X  6  in.  shaU  be  finished  ^i  X  2>^,  3i^.  and  5H  in.;  1  X  3,  1  X  4,  1  X  6  V.G.,  and 
I'X  4  F.Q.,shaU  be  finished  ^He  X  2>^,  3>i,and5^. 

1  X  6  F.G.,  shall  be  finished  K  X  5^. 

lyi  X  3,  4,  and  6  in.  shaU  be  finished  1H«  X  2^.  3H.  and  5H  in. 

IH  X  3,  4.  and  6  in.  shall  be  finished  to  1!4 6  X  2H,  3M.  and  5H  in. 

Two  inches  and  thicker  shall  be  finished  according  to  the  standard  patterns  for  such  sises  as  included  in  these 
niles.     Standard  lengths  are  multiples  of  I  ft. 

Fir  Ceiling 

Sises:  Ceiling  shall  be  worked  to  the  following: 

fi  X  3,  4.  and  6  in.  finished  Ke  X  2yi,  3}i,  and  5H  in. 

H  X  3.  4,  and  6  in.  finished  He  X  2K.  3>^,  and  6H  in. 

M  X  3.  4,  and  6  in.  finished  K«  X  2^,  3H,  and  5H  in. 

1  X  3.  4,  and  6  in.  finished  ^K«  X  2K.  ^H,  and  5H  in. 
Standard  lengths  are  multiples  of  1  ft. 

Fir  Partition 

Sises:  1X4  and  6  in.  finished  ^He  X  3^  and  5)4  in.  Standard  lengths  are  multiples  of  1  ft.  Partition 
4  or  6  in.  shall  be  graded  from  the  poorest  side. 

Fir  Finish 

Sises:  Thickness  SIS  or  S2S,  1  in.  to  H  in.;  IK  in.  to  IHe  in.;  IH  in.  to  iMe  in.;  2  in.  to  IH  in.  Widths  U 
dressed  one  or  two  edges;  4,  5,  and  6  in.,  finished  to  3H,  4H,  and  5H  in.;  8,  10,  and  12  in.,  finished  to  7H,  9>4, 
and  UK  in.;  14  and  16  in.,  finished  to  13  and  15  in.     Standard  lengths  are  multiples  of  1  ft. 

V.G.  Fir  Stepping,  SlS  or  S2S  and  Nosed 

Sises:  Iki  in.  SIS  or  S2S.  finished  to  IHs:  IM  in.  to  iHs;  2  in.  to  IH  in.  in  thickness.  Widttis  if  dressed 
one  or  two  edges,  8,  10,  and  12  in.,  finish  to  7K,  9K,  and  11 H  in.;  14  in.  to  13  in.  Standard  lengths  are  multiples 
of  1  ft. 
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Fir  Drop  Siding 
Sixes:  H  X  6  in..  No.  106.  finished  He  X  4%  in.,  ^-j-in.  rabbet;  ^  X  6  in.,  No.  106,  finished  He  X  5K  in., 
1  X  6  in.  No.  105,  finished  ^  X  4%  in.,  H-in.  rabbet;  1  X  4,  6,  and  8  in..  No.  106,  finished  %  X  3H,  6>i.  and  7 
in.,  yi-in.  tongue.     Standard  lengths  are  multiples  of  2  ft. 

Fir  Rustic  ^ 

Sises:  <^  X  6  and  8-in.  channel,  finished  H«  X  4K  and  6^.  H-in.  rabbet;  1X6  and  8-in.  channel,  finished 
K  X  4K,  and  6fi  in.,  H-in.  rabbet;  M  X  6  and  8-in.  V  aAd  center-V,  finished  Ks  X  4>8  and  6^  in..  H-in. 
rabbet:  1X6  and  8-in.  V  and  oentor-V,  finished  ^i  X  4^  and  6^^  in.,  yi-in.  rabbet.  Standard  lengths  are  mul- 
tiples of  2  ft.     Grades  same  as  Drop  Siding. 

Fir  Bungalow  or  Colonial  Siding 

Sisee:  1X8.  10,  and  12  in.  Finished  thickness  >«  in.  on  thin  edge,  ^Hs  in-  on  thick  edge.  Finished  widths. 
7>4t  ^yi*  and  UK  in-  respectively.     Standard  lengths  are  multiples  of  2  ft. 

Fir  Bevel  Siding 

Sues:  H  X  4,  H  X  5,  and  >^  X  6  in.  Thin  edge,  finished  sise,  Ke  in.;  thick  edge,  finished  sise,  H  in. 
Finisned  widths.  3Hf  4>i,  and  5M  in.,  respectively,  for  4,  5,  and  6-in.  stock.  Standard  lengths  are  multiples  of 
1  ft. 

Fir  Battens 

3-in.  Flat  shall  be  finisned  to  He  X  2>^  in.  net;  2-in.  O.G.,^haU  be  finished  H  X  IK  in.  net;  2K  in.  O.G..  shall 
be  finished  K  X  2K  in.  net;  3-in.  O.  G.  shall  be  finished  H  "X  ^H  in.  net. 

COMMONS 
Boards  and  Shiplap  and  D.  &  M. 

Sises:  1  X  4.  6,  8,  10  and  12  in.     Common  Boards,  SlS  or  S2S  to  >^  in.     SIE  or  S2E  ^H  in.  off.     Shiplap 

1  X  4.  6.  8,  10.  and  12  in.,  finished  H  X  Z,  5,  7,  9,  aifd  11  in.  D.  4c  M.  1  X  4.  6,  8.  10.  and  12  in.,  finished  sise, 
H  X  33^.  5M.  7,  9,  and  11  in.     Standard  lengths  are  multiples  of  2  ft. 

Dimension,  Plank,  and  Small  Timbers 

Sises:  SISIE  or  S4S;  2  X  4  to  IH  X  8«;  2  X  6  to  IH  X  5H;  2  X  8  to  IH  X  7>^;  2  X  10  to  1^  X  9M; 

2  X  12  to  Ij^  X  IIM;  2  X  14  to  IH  X  13H;  2  X  16  to  IM  X  15M;  etc.  3  X  4  to  2H  X  BH;  3  X  6  to  2H  X 
6H:  3  X  8  to  2>i  X  7H;  3  X  10  to  2H  X  QH;  3  X  12  to  2H  X  UK;  3  X  14  to  2H  X  13H;  3  X  16  to  2H  X 
15H;  etc.,  4  X  4  lo  3M  X  3H;  4  X  6  to  3H  X  6M.  etc.,  5  X  5  to  4H  X  4H  etc.,  6  X  6  and  8,  H  in.  off  each  way 

Fir  Timbers 
Sises:  SIS,  SIE.  SlSlE.  or  S4S;  8X8  and  larger,  >^  in.  off  each  way.     Standard  lengths  are  multiples  of  2  ft 

Fir  Factory  Lumber 

Sises:  1-in  Shop  Common  S2S  to  ^He  in;  IK-in.  No.  1  Shop.  S2S  to  IHa  in.;  IK-in.  No.  1  Shop,  S2Sto  l^Hs 
in.;  2-in.  No.  1  Shop,  S2S  to  I'Ha  in.;  2H-in.  No.  1  Shop.  S2S  to  2H2-in.;  3-in.  No.  1  Shop,  S2Sto23Hs  in.;  4-in. 
No.  1  Shop.  82S  to  3*H9  in. 

Red  Cedar  Bevel  Siding 

Finished  Sizes:  He  in.  thin  edge,  M  in.  thick  edge.     Width  3H>  4H>  and  5H  in. 

Cedar  Bungalow  or  Colonial  Siding 
Finished  Sise:  H  in.  on  thin  edge.  ^Hs  in.  on  thick  edge.     Finished  widths  7K.  ^K*  and  UK  in. 

Red  Cedar  Finish 

Finished  Sise:  Thickness  SIS  or  S2S.  1  in.  to  H  in.;  IH  in.  to  IMe  in.;  IH  in.  to  iHe  in.;  2  in.  to  IH  in. 
Widths  if  dressed  one  or  two  edges:  4,  5,  and  6  in.  finished  to  3H,  4Hi  and  5)4  in.;  8,  10,  and  12  in.  finished  to 
71-4,  9K>  and  UK  >n.;  14  and  16  in.  finished  to  13  and  15  in.     Standard  lengths  are  multiples  of  1  ft. 

Cedar  Boards  and  Shiplap  and  D.  &  M. 

Sise:  1  X  4.  6.  8,  10,  and  12  in.  Common  Boards.  SIS  or  S2S  to  H  in.  SIE  or  S2E,  H  in.  off.  Shiplap  and 
D.  4c  M.  1  X  4,  6,  8,  10,  and  12  in.,  finished  H  X  3K.  ^H,  7.  9,  and  11  in.     Standard  lengths  are  multiples  of  2  ft. 

14.  Estimating  Quantities  of  Sheathing,  Flooring,  Etc. — The  following  rules  will  give 
quantities  actually  required  to  cover  various  surfaces.  The  results  are  to  be  taken  as  approxi- 
mately correct. 

Sheathing. — To  the  actual  superficial  area  to  be  covered,  excluding  openings,  add  15  %  for 
floors,  17  %  for  side  walls,  and  22  J^  %  for  roofs. 

if  sheathing  is  laid  diagonally,  an  allowance  of  7  %  should  be  added  to  the  above  figures 
to  cover  waste. 
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'  The  above  figures  are  for  sheathing  laid  tight,  i.e.,  boards  not  separated. 
Flooring^  CeiUngj  and  Wainscoting. 
Square-edged:  For  material  3J^  in.  wide,  add  25%. 
Dressed  and  Matched: 

20  %  for  6-in.  flooring 

•  33  %Jor  4-in,  flooring 

40  %  for  3-in.  flooring 

Siding. — To  the  net  superficial  area,  after  deducting  for  openings,  add  the  following: 

33>3  %  for  6-in.  siding  laid  4M  to  4^  in.  to  the  weather. 

50  %  for  4-in.  siding. 
For  drop  siding,  use  the  figures  for  flooring  of  the  same  width. 

BUILDING  STONES 

By  H.  Ries 

Under  this  heading  are  included  all  natural  rocks  employed  for  ordinary  masonry  work, 
including  interior  and  exterior  decoration,  roofing,  and  flagging.  At  the  present  day  several 
kinds  of  artificial  stone  are  made  and  some  of  these,  such  as  artificial  marble,  may  be  good  im- 
itations, but  they  are  rarely  adapted  for  exterior  work. 

Most  of  the  building  stone  quarried  is  for  ordinary  dimension  blocks,  which  may  be  sold 
in  the  rough  and  dressed  later.  With  stone  for  ornamental  purposes  must  be  considered:  (1) 
the  possibility  of  carving,  sometimes  to  intricate  atid  beautiful  designs  for  buildings  and  monu- 
ments; (2)  the  ability  to  take  a  high  and  durable  polish,  often  called  for  in  marbles  and  granites; 
and  (3)  fine  and  uniform  texture,  as  well  as  contrast  between  chiseled  and  polished  surfaces, 
both  necessary  in  stone  for  inscriptional  purposes. 

The  factors  which  affect  the  selection  of  a  building  stone  may  be  cost,  strength,  durability, 
and  ornamental  value. 

16.  Minerals  in  Building  Stones. — Only  a  small  number  of  mineral  species  are  important 
constituents  of  building  stones.  A  few  are  present  in  very  small  amounts,  as  scattered  grains, 
sometimes  of  microscopic  size.  These  in  many  cases  have  little  or  no  effect  on  the  quality  of 
the  stone.    The  more  important  ones  are  as  follows: 

Quartz. — Quarts,  or  silica,  is  very  abundant  in  some  building  stones,  such  as  sandstones,  cranites,  and  some 
gneisses.  Flint  and  ohert  are  amorphous  or  noD-crystaUine  forms  of  silica,  often  of  dark  color,  and  occurring  as 
concretionary  masses  in  certain  rocka,  especially  limestones.  In  these  it  often  stands  out  in  the  weathered  surface 
as  knots,  and  its  presence  is  undesirable. 

Fddtvar. — Orthodaae^  the  potash  feldspar,  is  a  silicate  of  alumina  and  potash.  It  is  a  common  constituent  of 
granites  and  many  gneisses,  and  is  also  present  in  the  variety  of  sandstone  known  as  arkoee.  It  shows  ^two  sets 
of  cleavage  planes  which  intersect  at  right  angles.  PlagiocUue  feldspar,  commonly  referred  to  as  the  lime  soda 
feldspar,  is  a  common  constituent  of  some  basic  igneous  rocks  in  which  quarts  is  rare  or  absent. 

Muxu. — Micas  are  platy  minerals,  all  silicates,  of  complex  and  somewhat  variable  composition.  They  have 
a  perfect  cleavage,  and  hence  split  readily  into  thin  elastic  leaves. 

AmpkiboU. — Amphibole,  a  complex  silicate,  has  two  varieties  which  are  most  likely  to  occur  in  building  stones; 
these  are  hornblende  and  tremolite.  HonMends  is  dark  green,  brown,  or  black  in  color,  and  usually  occurs  iu 
compact,  sometimes  bladed  crystals  of  fair  lustre.  It  is  an  important  constituent  of  many  igneous  rocks,  and  of 
some  metamorphio  gneisses  and  schists.  Tremolite^  a  pale  green  variety,  occurs  in  some  marbles,  forming  usually 
bladeUke  or  silky-looking  masses.  It  is  an  injurious  mineral,  as  it  decomposes  readily.  Its  occurrence  in  the 
quarry  is  apt  to  be  very  irregular. 

Pyroxene. — Pyroxene  has  a  composition  and  color  similar  to  amphibole,  and  often  is  not  distinguishable  from 
hornblende  with  the  naked  eye.  One  dark  colored  variety,  auffiUt  is  an  essential  constituent  of  some  igenous  rooks. 
It  takes  a  good  polish  and  has  fair  durability. 

CalciU. — Calcite,  the  carbonate  of  lime,  is  white  when  pure,  effervesces  readily  with  hydrochloric  add,  and  has 
good  rhombohedral  cleavage.  It  is  an  important,  and  sometimes  the  only  constituent  of  limestone,  marble, 
and  onjrx.  It  may  occur  in  the  cementing  material  of  sandstone  and  shale.  If  present  in  igneous  rooks,  it  is  a 
secondary  and  not  an  original  constituent.  Calcite  is  slightly  soluble  in  surface  water  containing  a  little  acid  which 
results  in  some  limestones  and  marbles  showing  solution  cavities  of  variable  sice. 

Dolomite. — Dolomite,  the  double  carbonate  of  lime  and  magnesia,  resembles  calcite,  but  is  slightly  harder  and 
effervesces  only  with  warm  acid.     It  is  a  common  constituent  of  many  limestones  and  marbles. 
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Gftfpcum.-— Gypeum,  the  hydrous  sulphate  of  ime,  is  the  chief  constituent  of  those  stratified  rooks  known  as 
rock  gypsum,  and  is  not  found  in  many  building  stones.  It  is  soft  enough  to  be-  scratched  with  the  thumbnail. 
Alabaster,  the  fine  grained,  white  massive  variety,  is  transluoent  in  tnin  i^tes  and  has  been  used  for  ornamental 
purposes. 

Serpenltne. — Serpentine,  a  hydrous  silicate  of  magnesia,  is  a  green  or  yellow  material  of  soapy  feel,  no  cleavage, 
and  Bc/tt  enough  to  be  easily  scratched  with  a  knife.  In  massive  form  it  is  a  common  and  important  constituent  of 
the  serpentine  or  verd  antique  marbles,  but  occurs  sometimes  as  specks  or  lumps  in  ordinary  marble.  Its  resistance 
to  weather  is  low. 

PyriU. — Pyrite,  or  iron  psnite,  the  iron  disulphide,  may  occur  in  all  kinds  of  rocks.  Its  yellow  color  and  metal- 
lic lustre  make  it  easily  recognisable.  It  is  an  undesirable  constituent  of  building  stones  since  it  weathers  easily 
to  limonite,  producing  a  rusty  stain. 

LimoniU. — ^Limonite,  a  hydrous  iron  oxide,  is  common  in  the  cementing  material  of  some  sedimentary  rooks, 
especially  sandstones,  but  in  others  may  be  formed  by  the  weathering  of  iron-bearing  silicates. 

16.  Rocks  Used  for  Building  Stones. — A  rock  may  be  defined  as  an  aggregation  of  minerals 
forming  a  portion  of  the  earth's  crust.  Rocks  can  be  divided  into  the  three  following  groups: 
igneous  rocks,  stratified  rocks,  and  metamorphic  rocks. 

16a.  Igneous  Rocks. — Igneous  rocks  are  formed  by  the  cooling  of  a  molten  mass. 
With  few  exceptions  they  agree  in  being  of  massive  structure,  more  or  less  crystalline  texture, 
and  free  from  statification  planes.     The  following  are  the  characters  of  the  common  types: 

Oranifet. — Composed  osentially  of  quarts  and  ortboclsse  feldspar,  but  usually  containing  some  mica,  amphi- 
bole,  or  psrrozene.  Texture — coarse  to  fine,  usually  even,  sometimes  porphyritib.  CoJor-— variable,  pink,  gray, 
or  white  common.  Valuable  as  a  building  stone  because  of  usually  high  durability,  variety  of  color  and  texture, 
and  susceptibility  of  taking  a  high  polish.  The  darker  granites  often  give  excellent  contrast  between  hammered 
and  polished  surface. 

Pegmatite. — Usually  of  very  coarse  grain,  occurring  commonly  in  the  form  of  dikes.  It  is  of  no  value  as  a 
building  stone  and  its  occurrence  in  some  granite  quarries  causes  aerious  waste. 

Syenite. — An  even  granular  rock,  resembling  granite  in  texture,  composed  chiefly  of  orthoolase  feldspar,  but 
usually  having  some  hornblende,  mica,  or  pyroxene.  Color — usually  white,  pink,  or  gray.  Takes  a  good  polish 
but  of  little  importance  as  a  building  stone  because  of  its  restricted  occurrence. 

Diorite. — Similar  to  granite  in  texture,  composed  of  hornblende  and  plagioolase  feldspar,  often  much  biotite. 
Color — dark  gray  or  greenish.  Not  ss  common  as  granite.  Takes  good  polish  and  sometimes  of  very  ornamental 
character. 

Oabbro. — Like  granite  in  texture.  Consists  chiefly  of  pyroxene  and  plagiodase  feldspar;  the  former  sometimes 
predominating  to  such  an  extent  as  to  give  the  stone  a  very  dark  color.  Color — dark  gray  or  greenish  to  black. 
A  common  rock  in  the  United  States,  being  known  in  New  England,  the  Adirondacks,  Maryland,  Minnesota, 
Rocky  Mountains,  and  California. 

i>»a6a««  or  Trap. — Dark,  fine  grained,  containing  plagiodase  and  psrroxene  as  essential  constituents.  Differs 
from  gabbro  in  manner  of  distribution  of  minerals,  which  gives  it  characteristic  appearance.  Sometimes  almost 
black  on  rock  face  and  polished  surfaces.     Very  hard. 

BaeaU. — Agrees  with  gabbro  mineralogically,  but  is  finer  grained,  gray  to  black,  and  sometimes  cellular. 
Occurs  ss  lava  flows.     Not  important.     Much  jcMnted. 

166.  Stratified  Rocks. — Stratified  rocks  are  derived  from  the  weathering  prod- 
ucts of  pre-existing  rocks  and  laid  down  by  water  or  sometimes  by  wind.  They  show  a 
stratified  or  layered  structure  with  texture  varying  from  coarse  to  fine.  The  hardness  is  due 
to  cement  (usually  iron  oxide,  silica,  or  lime  carbonate)  deposited  between  the  grains,  and  hence 
the  degree  of  hardness  depends  on  amount  of  cementing  material.  Beds  are  of  variable  thick- 
ness, hence  only  the  thick  bedded  ones  are  of  value  for  dimension  stone.  Thin  bedded  ones 
may  be  useful  for  flagging  or  curbing.    Important  types  are: 

<Sa«KWon«.'— Grains  are  chiefly  quarts  of  varying  sise  and  regularity,  bound  together  by  some  kind  of  mineral 
cement.  Color  is  variable.  Varieties  are  micaceoue  sandstone,  with  abundant  mica  scales;  ar(7tUac«<>u«  sandstone, 
containing  considerable  clay;  and  arkoee,  containing  angular  feldspar  fragments,  usually  in  abimdance. 

Conglomerale. — Stratified  rock  composed  of  pebbles  of  rounded  character  and  more  or  less  cemented  together. 
Pebbles  may  be  of  different  kinds  of  rocks  but  quarts  ones  are  common.  Conglomerates  may  grade  into  sandstones. 
Not  much  used  for  building  stone. 

Shale. — A  thin  layered  clay  rock,  formed  by  consolidation  of  clay.  No  value  as  a  building  stone.  Sometimes 
f  value  for  making  brick,  tile,  and  other  burned  clay  products. 

Limeetane. — ^As  used  in  its  broadest  sense,  the  term  includes  rocks  which  are  made  up  largely  of  calcite  or  dolo- 
mite, or  both.  Properly  speaking,  limestone  is  applied  to  the  calcite  rocks,  and  dolomite  to  the  dolomitic  ones. 
There  is  no  sharp  line  of  separation  between  the  two.  Colors  of  limestone  and  dolomite  are  variable,  but  white, 
gray,  or  black  are  common ;  bardnese  is  also  variable.     Sand  and  clay  are  sometimes  common  impurities.     Texture-^ 
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coarse  to  fine.     Some  varietieB  coDtain  large  quantities  of  shells  and  other  fossils.     Flint  and  pjnite  may  be 
present  in  some. 

Varieties  of  limestone  proper  are:  chalky  a  soft  limestone,  of  earthy  texture  and  usually  white  color;  travertine, 
a  lime  carbonate  deposit  from  springs;  eoquina,  a  loosely  cemented  shell  aggregate;  and  onpx,  a  dense  crystalline 
form  of  lime  cetrbonate,  deposited  usi^ally  on  the  floor  of  caves  by  percolating  water  carnring  lime  carbonate. 

16c.  Metamorphic  Rocks. — Metamorphic  rocks  are  those  formed  by  a  reor- 
ganization of  preexisting  rocks,  through  the  action  of  pressure,  heat,  and  water.  They 
usually  show  a  crystalline  or  grained  texture,  foliated  or  banded  structure,  and  low  porosity. 
Important  types  are: 

QuarUUe. — Hard  siliceous  rock  diflfexing  from  sandstone  in  bein^  denser  and  harder. 

SlaU. — A  clay  rook,  harder  than  shale,  and  possessing  a  well  developed  cleavage.  Color — gray,  black,  green, 
red,  and  purple.     Texture — very  fine. 

Marble. — A  crystalline  limestone  or  dolomite.  Texture  and  color,  variable.  May  contain  silicate  minerals, 
graphite,  or  other  mineral  matter  scattered  through  it  in  grains,  streaks,  or  blotches.     Pure  marble  is  white. 

Oneisa. — A  banded  metamorphic  rock  often  having  the  same  mineral  composition  as  granite  or  sometimes  of 
other  igneous  rocks.     Color  is  variable. 

Schiet. — More  thinly  foliated  than  gneiss,  due  usually  to  an  excess  of  bladed  or  scaly  minerals,  such  as  mica. 
Is  of  little  value  as  a  building  stone. 

17.  Properties  and  Testing  of  BuUding  Stones. — The  properties  of  a  stone  exert  a  distinct 
influence  on  its  uses  and  durability.     There  are  standarized  tests  for  some. 

Texture. — The  texture,  or  the  grain  of  the  stone,  varies  from  coarse  to  fine,  or  regular  to 
irregular.     Uniformity  of  grain  is  desirable. 

The  grains  of  sandstone  are  usually  rounded  but  may  be  angular.  The  grains  of  igneous 
and  metamorphic  rocks  are  angular.  Limestones  are  usually  fine  grained,  but  may  be  veo' 
coarse  if  made  up  largely  of  shells,'  or  have  an  oolitic  structure.  Marbles  are  apt  to  show  uniform 
texture  though  some  may  have  the  grains  more  elongated  in  one  direction  than  another.  Greater 
elongation  in  one  direction  affects  the  splitting  qualities  of  the  stone  and  should  not  be  over- 
looked. Texture  of  marble  is  affected  by  mineral  impurities  and  folding.  White  Alabama 
marble  and  Italian  Carrara  are  fine  grained,  while  Georgia  marble  is  coarse  grained.  Granites 
show  a  wide  range  of  texture  but  do  not  reach  as  great  a  degree  of  fineness  as  marbles. 

Dale  has  graded  Vermont  marbles  as  follows:  • 

Grain  Diameter 


Maximum  average 

General  average 

Millimeters                    Millimeters                    Millimeters 

1                                             1 

Inches 

1.  Extra  fine 

0.2 
0.5 
0.75 

0.06-0.10 
0.07-0.16 
0.10-0.25 

1 
0.06                           0.0023 
0.10                           0.0039 
0.12                           0  0047 

2.  Very  fine 

3.  Pine 

4.  Medium 

1.00                            0   12-0.31 

0.  15 

0.0059 
0 . 0094 

5.  Coarse 

1.50 
2.54 

0.20-0.60                            0.24 

6.  Extra  coarse 

0.30-1.35 

0.50 

0.0196 

Hardness. — The  hardness  of  a  rock  depends  on  the  state  of  aggregation  of  its  component 
mineral  grains.  A  sandstone  may  be  made  up  entirely  of  hard  quartz  grains  very  loosely 
cemented,  so  that  the  rock  is  soft.  There  is  no  standard  test  for  hardness  of  stone.  It  can  be 
tested  by  measuring  its  abrasive  resistance,  or  the  rate  of  penetration  of  a  drill. 

Color. — Building  stones  show  a  variety  of  colors  including  white,  brown,  red,  yellow,  gray, 
buff,  black,  etc.     These  are  sometimes  a  blend  of  the  colors  of  the  component  minerals. 

Sandstones  owe  their  color  to  the  character  of  the  cementing  material.  Limestones,  if  pure, 
are  white;  but  carbonaceous  matter  frequently  colors  them  gray  or  black.  Pure  marbles 
are  white.     Graphitic  material  colors  them  gray  or  black,  while  silicate  mineral  impurities  give 
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them  various  colors,  the  latter  often  being  disposed  in  bands  or  cloudings.  In  igneous  rocks  and 
gneisses,  the  color  is  commonly  due  to  that  of  the  prevailing  minerals^  as  the  pink  color  of  ortho- 
clase  in  many  granites.  Change  of  color  is  common  in  some  rocks  but  it  does  not  necessarily 
indicate  decay  of  the  stone.  Green  slates  especially  may  fade;  dark  limestones  may  become 
lighter  colored  on  the  surface;  some  pink  granites  also  fade;  sandstones  occasionally  develop 
a  rusty  hue,  the  Berea  grit  of  Ohio  being  a  well-known  case.  Some  bluish  limestones  may  turn 
buff  on  exposure  due  to  the  change  of  the  iron  in  them  from  the  carbonate  to  the  oxide.  Atmos- 
pheric dust  may  speedily  discolor  light  stones,  such  as  white  marble.  A  white  scum  seen  on 
the  surface  of  sandstones  is  an  efflorescence  derived  from  soluble  salts.  These  may  come  from 
the  stone  itself  or  from  the  mortar. 

Permanence  of  color  can  often  be  gaged  by  comparison  of  a  fresh  surface  with  a  weathered 
one. 

Lighter  colored  stones  are  more  in  demand  for  general  work  than  dark  colored  ones,  and 
an  otherwise  perfectly  good  stone  is  sometimes  rejected  because  its  color  is  undesirable. 

Poliah. — This  is  affected  by  the  density  and  character  of  mineral  constituents.  Dense 
stones  take  a  better  polish  than  porous  ones.  An  aggregation  of  different  minerals  gives  a 
less  continuous  polish  than  a  mass  of  the  same  minerals.  Quartz,  feldspar,  calcite,  and  dolomite 
polish  well,  hornblende  and  augite  less  so,  while  mica  is  difficult  to  polish. 

Porosity. — The  percentage  of  pore  space  varies  with  different  rocks.  Granitic  rocks, 
marbles,  gneisses,  quartzites,  and  most  limestones  have  low  porosity.  Sandstone  is  usually 
fairly  porous;  volcanic  tuffs,  some  lavas,  and  soft  limestones  may  show  high  porosity. 

Porosity  may  be  determined  by  the  following  formula: 

in  which  P  =  per  cent,  porosity,  W  =  saturated  weight,  D  =  dry  weight,  and  S  =  suspended 
weight  of  saturated  stone.  Saturation  may  be  obtained  by  soaking' the  stone  in  water  for  24 
hr.  and  then  boiling  for  at  least  1  hr. 

A  fact  often  overlooked  is  that  the  pores  of  a  stone  may  vary  in  size  and  shape.  Straight 
open  pores  permit  ready  drainage  of  absorbed  water.  Narrow  tortuous  pores  impede  it.  Two 
stones  of  equal  porosity  might  therefore  retain  absorbed  water  quite  differently  because  of  dif- 
ference in  size  and  shape  of  pores. 

Stones  of  high  porosity  usually  show  high  absorption,  but  not  necessarily  low  frost  resist- 
ance. Some  of  high  porosity  may  show  low  absorption  because  of  low  permeability,  the 
latter  being  influenced  by  ease  with  which  the  water  can  pass  from  one  pore  to  another. 

The  following  figures  give  the  range  of  porosity  for  several  kinds  of  building  stones  from 
different  regions. 


Wisconsin 

1 

Missouri 

Ontario 

Q/anites 

0.1^-0.62 

0.55-13.36 

4.81-28.28 

0.255-1.452 
0.32-13.38 
7.01  -23.77 

0.066-15.88 
4.947-17.617 
0.201-  0.628 

Tiim<wton«ff 

Sandstones , 

Absorption, — This  refers  to  the  amount  of  water  that  a  stone  will  absorb  when  immersed 
under  atmospheric  pressure  and  should  not  be  confused  with  porosity.  While  stones  of  low 
porosity  can  absorb  little  water  and  others  with  high  porosity  may  absorb  much  water,  the 
aborption  does  not  stand  in  a  constant  direct  relation  to  the  porosity.  Moreover,  the  water 
absorbed  by  cold  immersion  under  atmospheric  pressure  does  not  usually  completely  fill  the 
pores. 

Dense  rocks  like  granites,  gneisses,  slates,  marbles,  quartzites,  and  many  limestones, 
usually  show  a  low  absorption,  often  under  1  %.  Others  including  many  sandstones,  some 
mestones,  and  many  lava  or  tuff  rocks  may  absorb  from  2  %  up  to  perhaps  15  %  of  water. 
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To  test  the  absorptioii,  a  piece  of  the  etone  is  thoroughly  dried  at  110  deg.  C,  weighed,  and  then  immerBed  in 
water  for  48  hr.,  after  which  it  ia  weighed  again.  The  increase  in  weight  represents  the  weight  of  water  absorbed, 
and  the  percentage  of  absorption  is  calculated  in  terms  of  the  original  dry  weight.  Immersing  the  stone  under  a 
vacuum  is  sometimes  advocated,  but  this  gives  misleading  results  as  it  causes  the  stone  to  absorb  more  water  than 
it  normally  would. 

The  quantity  absorbed  under  different  conditions  does  not  always  show  great  variation  in 
dense  rocks,  but  may  vary  considerably  in  porous  ones. 

The  following  tests  by  Parks  give  the  average  ratios  of  absorption  for  different  rocks  under 
different  conditions. 


Kind 

One  hour 
immersion 

Two  hours 
immersion 

Slow 
immersion 

Vacuum 
immersion 

Immersion 

under 

pressure 

Average   of    10  sand- 
stones  

2.411 
0.232 
0.095 

2.665 
0.243 
0.103 

3.552 
0.298 
0.117 

4.090 
0.371 
0.133 

4.518 
0.404 
0.147 

Average  of  16  granites. 
Average  of  10  marbles. 

As  a  building  stone  in  use  absorbs  water  under  atmospheric  pressure,  and  usually  only  from 
one  side,  even  the  ordinary  form  of  testing  is  liable  to  make  the  stone  absorb  more  water  than 
it  would  in  use. 

Permeability. — Water  will  permeate  stone  even  though  of  low  porosity,  resulting  sometimes 
in  discoloration  by  the  liquid  carrying  coloring  materials.  It  has  been  found  that  the  permea- 
bility does  not  stand  in  any  direct  relation  to  the  porosity,  as  shown  by  the  following  table: 


Stone 


Porosity 
per  cent. 


Permeability.        Co.    of    water    paasinji 
through  3  mm.  plate  in  1  hr. 
under  15-lb.  pres- 
sure per  sq. 
in. 


Guelph  limestone 

Guelph  limestone 

Chasy  sandstone 

Medina  sandstone 

Niagara  limestone 

Beekmantown  limestone. 
Potsdam  limestone 


15.883 
14.62 
17.517 
10.44 
10.443 
1.313 
4.947 


90.5 

155.1 

2.25 

2130.00 

12.75 

0.72 

1.75 


In  every  case  the  permeability  gradually  decreased. 


Stone  may  be  tested  for  permeability  by  cutting  slices  of  the  stone  3  mm.  thick  in  a  direction  at  right  angles 
to  the  bedding.  Water  is  then  forced  through  these  under  a  pressure  of  15  lb.  per  sq.  in.,  and  the  amount  of  flow 
in  1  hr.  recorded.  -  « 

Qibarry  Water. — Rocks  in  the  ground  contain  more  or  less  water  in  their  pores.  Quarrj'- 
men  call  this  quarry  water  and  it  is  necessary  on  removal  of  stone  from  quarry  to  let  this  water 
dry  out,  or  allow  the  stone  to  "season. "  Drying  out  of  the  quarry  water,  especially  that  from 
the  smallest  pores,  is  accompanied  by  the  deposition  of  the  dissolved  mineral  matter  which  it 
contains.  This  makes  the  rock  often  appreciably  harder.  Its  effect  is  most  pronounced  in 
the  case  of  porous  sandstones  and  limestones. 

A  stone  should  not  be  allowed  to  freeze  during  seasoning  as  the  quarry  water  freezing  with- 
in its  pores  may  cause  it  to  split.  Slate  must  be  split  before  the  quarry  water  dries  out,  and 
many  stones  carve  much  easier  before  seasoning,'  which  in  some  cases  makes  the  stone  appreci- 
ably harder. 

The  working  faces  in  some  quarries  are  sometimes  protected  during  the  freezing  season 
either  by  covering  the  face,  or  filling  the  quarry  with  water. 
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Since  quarry  water  travels  more  readily  along  the  rift  or  bedding,  placing  a  block  on  edge 
with  one  aide  in  sand,  often  prevents  disintegration  by  freezing. 

Strength. — The  strength  of  a  stone  is  governed:  (1)  by  the  rock  structure,  such  as  rift, 
cleavage,  and  bedding;  (2)  by  the  hardness  of  the  grains;  and  (3)  by  the  state  of  aggregations, 
as  whether  interlocked  or  cemented,  and  in  the  latter  case  by  the  nature  of  the  cement. 

Many  tests  have  shown  that  most  building  stones  have  2  to  10  times  the  crushing  strength 
required  in  any  structure  where  they  will  be  used. 

The  minimum  strength  permissible  can  be  determined  only  by  a  trained  engineer  or  archi- 
tect, and  while  few  cases  of  yielding  due  to  crushing  are  observed,  failures  due  to  stresses  ap- 
plied in  other  ways  are  not  uncommon. 

Crushing  Strength, — Buckley  states  that  the  stone  at  the  base  of  the  Washington  monu- 
ment sustains  a  pressure  of  314.6  lb.  per  sq.  in.,  and  that,  in  the  tallest  buildings  the  maximum 
pressure  at  the  base  is  not  more  than  half  of  this.  Assuming,  as  a  wide  factor  of  safety,  that  a 
stone  should  have  20  times  this  strength,  a  resistance  of  3146  lb.  per  sq.  in.  will  answer  all 
ordinary  requirements. 

Almost  any  reputable  stone  may  be  used  in  the  construction  of  ordinary  walls,  but  all  may 
not  be  suitable  for  special  architectural  elements,  as  pillars,  or  railroad  piers  which  may  not  only 
have  to  sustain  a  very  great  weight,  but  also  be  subject  to  jars. 

Stones  of  high  crushing  strength  are  in  general  denser  and  heavier  than  those  of  low  crush- 
ing strength,  and  hence  more  durable,  but  there  are  not  a  few  exceptions  to  the  last. 

Most  building  stones  show  a  loss  in  crushing  strength  after  freezing.  Tests  for  crushing 
stones  are  made  upon  cubes  of  the  stone,  preferably  of  2-in.  size. 

The  following  table  gives  the  crushing  strength  of  a  number  of  different  kinds: 


Kind 


Locality 


Crushing  strength,  lb.  per  sq.  in. 


Fresh 


Frosen 


Granite. . . 
Granite... 
Granite. . . 
Gneiss.... 
Limestozie 
Limestone 
limestone 
Sandstone 
Sandstone 
Sandstone 
Sandstone 


Athelstone,  Wis. 
Montello,  Wis. 
Brockville,  Ont. 
Hall,  Ont. 
Duck  Creek,  Wis. 
Sturgeon  Bay,  Wis. 
Thebault,  Ont. 
Presque  Isle,  Wis. 
North  Carolina 
Perth,  Ont. 
Pembroke,  Ont. 


10,988 

10,619 

38,244 

35,045 

26,209 

24,634 

33.453 

32,271 

24,522 

28,392 

35,970 

20,777 

17,604 

17,600 

5.495 

5,930 

10,322 

6.625 

31.793 

28.912 

9,539 

10,673 

Following  is  the  range  showing  by  several  classes  of  stones: 


State 

1 

Kind                                        Range,  lb.  per  sq.  in. 

1 

M'umtmii 

Limestone 

Limestone 

Sandstone 

Sandstone 

Granite 

Igneous  rocks 

Limestone 

Limestone 

Sandstone 

Sandstone 

Limestone 

Sandstone 

5.714—27,183  on  bed 
5,774—25,577  on  edge 
4,371—9,002  on  bed 
3,933 —  9,200  on  edge 

18,236—19,410 

15,009—47,674 
6,675—42,787  on  bed 
7,508—60,453  on  edge 
4,340—13,669  on  bed 
1,763 — 12,566  on  edge 
2,470—16,435 
3,600—13,900 

Missouri ....,,..    .  . , 

Missouri , 

\fi^O«<ri 

Miffffoari 

Wisconsin 

IXHiinnn^n, 

Wisconsin 

Wlsoonsin 

WisooDsin 

Iowa 

Iowa 
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For  working  compressive  strength  of  stone  masonry,  see  Appendix  /. 
Transverse  Strength. — The  transverse  strength  is  not  necessarily  related  to  the  crushing 
strength.     Following  are  the  ranges  shown  hy  several  classes  of  stone: 


Kind 

Modulus  of  rupture 

' 

Wuconain 

• 
Missouri 

Ontario 

Granite 

2324.3-3909.7 

1164.3-4659.2 

362.9-1324.0 

1546-^3382 
817-4291 
417-2186 

1891-3734 

Limeetone 

851.30-3311.6 
418.61-1321.76 

Sandstone 

Elasticity. — Buckley  gives  the  following  figures  showing  modulus  of  elasticity  in  Wisconsin 
stones: 


Granites  and  rhyolities 

limestones 

Sandstones 


^veraffe 


1,111.000 
786.000 
165.000 


Minimum 


156.00a 
31.500 
32.000 


Maximum 


2.070.000 

1,835.700 

400.800 


Shearing  Strength — Shearing  is  a  form  of  stress  likely  to  be  brought  to  bear  on  stone  in 
some  parts  of  buildings.  Three  granites  tested  showed  a  shearing  strength  of  from  1742  to 
2872  lb.  per  sq.  in.;  three  sandstones  ranged  from  992  to  1383;  and  two  marbles  gave  1163  to 
1554. 

Frost  Resistance. — Alternate  heating  and  cooling  of  a  stone  causes  expansion  and  contrac- 
tion, which  may  be  detrimental  to  it,  but  if  the  stone  is  dry  the  injury  is  insignificant.  With 
water  present  in  the  pores,  the  effects  may  be  quite  different.  When  water  freezes  it  expands, 
and  if  this  water  is  imprisoned  in  the  pores  of  the  stone,  it  may  exert  sufficient  internal  pressure 
to  split  it,  and  so  since  the  amount  of  water  which  may  be  present  in  a  stone  is  related  to  the 
pore  space,  its  resistance  to  frost  is  closely  connected  with  that  of  porosity. 

The  frost  resistance  of  a  stone  depends  on:  (1)  whether  or  not  the  pores  are  full  of  water  at 
the  time  freezing  occurs;  (2)  the  shape  and  size  of  the  pores,  large  and  straight  pores  either 
allowing  the  water  to  drain  off  rapidly  before  it  does  any  damage,  or  else  permitting  the  ice  to 
force  its  way  outward  thus  relieving  internal  pressure;  and  (3)  the  amount  of  pore  space,  for 
the  higher  the  percentage,  provided  the  pores  are  of  equal  size  and  the  degree  of  saturation 
equal,  the  greater  the  damage  from  freezing. 

Pores  may  be  of  two  kinds,  capillary  and  sub-capillary,  the  latter  remaining  filled  under 
ordinary  draining.  Under  normal  conditions,  only  a  small  proportion  of  the  sub-capillar>' 
pores  become  filled  with  water  and  the  worst  possible  condition  would  be  represented  by  the 
complete  filling  of  these.  So  a  stone  with  a  large  proportion  of  fine  pores  is  more  liable  to  be 
injured  by  freezing.  Therefore,  the  ratio  between  fine  pore  space  and  total  pore  space,  gives 
a  factor  in  judging  the  ability  of  a  stone  to  withstand  frost.  Hirschwald  obtains  this  factor  as 
follows: 

A  dried  and  weighed  test-cube  is  immersed  in  water  for  from  1  to  2  hr.  if  the  stone  is  to  be  used  above  ground, 
and  for  from  2  to  30  days  if  the  stone  is  to  be  used  below  the  ground.  The  increased  weight  of  cube  represents 
the  fine  pore  space  thaf  would  be  filled  under  worst  possible  natural  conditions.  Next  the  cube  is  completely  satu- 
rated by  immersion  under  vacuum  or  strong  atmospheric  pressure,  and  weighed  again.  The  quotient  obtained  by 
dividing  the  increase  representing  the  fine  pores  by  the  increase  representing  the  total  pores  gives  the  proportion  of 
fine  pore  space  to  total  pore  space  and  is  termed  the  scUuration  cofjfficient.  If  the  quotient  is  greater  than  0.9.  there 
is  danger  of  the  stone  being  injured  by  frost,  but  if  loss  than  0.0  no  injury  can  result. 
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Parks  in  carrying  out  the  above  tests  on  a  series  of  Ontario  stones  for  work  above  ground, 
found  that  the  saturation  coefficient  for  granites  and  ^eisses  ranged  from  0.67  to  0.8;  seven 
marbles  ranged  from  0.44  to  0.94,  the  finer  grained  types  giving  higher  results  than  coarse 
grained  ones;  sandstones  ranged  from  0.21  to  0.57,  while  the  limestones  varied  from  0.11  to 
0.91. 

The  usual  but  unsatiafactory  method  of  testing  frost  resistance  consists  in  thoroughly  drying  a  cube  of  stone 
and  then  weighing,  after  which  it  is  soaked  in  water  for  36  hr.  It  is  then  subjected  to  40  alternate  freeaings  and 
thawings.  Following  this  the  stone  is  dried  and  reweighed.  Loss  in  weight  indicates  particles  chipped  off  by 
freeaing. 

Fire  Resistance, — Building  stones  often  suffer  serious  injury  when  exposed  to  fire,  or  the 
combined  effects  of  fire  and  water.  Stone  expands  when  heated  and  contracts  when  cooled, 
but  the  amount  for  a  bar  1  ft.  long,  heated  1  deg.,  is  exceedingly  small,  granite  for  example 
expanding  0.000004825  in.  per  ft.  for  each  degree.  When  subjected  to  fire,  a  stone  is  rapidly 
heated  and  expanded,  and  if  doused  with  water  undergoes  equally  rapid  cooling  and  contraction. 
Moreover,  stones  are  poor  conductors  of  heat,  hence  the  exterior  of  a  large  block  may  be  quite 
hot,  while  the  interior  is  stiU  cool,  thus  setting  up  stresses  which  disrupt  the  stone.  Few  stones 
have  good  fire  resistance  as  witnessed  by  their  spalling  off  during  conflagrations.  However, 
some  stand  up  better  than  others.  Rocks  of  close  fabric,  interlocked  grains,  and  simple  mineral 
composition  seem  to  show  the  best  resistance.  Tests  by  McCourt  indicated  that  most  stones 
were  fairly  resistant  up  to  550  deg.  C.  At  850  deg.  C.  all  were  more  or  less  injured;  granites 
and  gneisses  spalled  and  cracked;  sandstones  parted  along  the  bedding  planes,  a  few  developing 
cross  fractures;  limestones  were  httle  injured  up  to  temperature  of  calcination  but  after  that 
failed  badly;  marbles  developed  cracks  before  the  calcination  temperature  was  reached. 

In  testing  for  fire  resistance,  a  cube  of  stone  of  not  less  than  3  or  4-in.  sise  is  employed,  smaller  sises  giving  un- 
reliable tesults  as  the  stone  gets  heated  through  too  readily.  Pairs  of  cubes  are  heated  to  650  and  850  deg.  C, 
respectively,  one  of  each  pair  being  allowed  to  cool  slowly,  the  other  cooled  rapidly  by  being  plunged  into  cold 
water.  A  fifth  cube  is  exposed  to  a  large  flame  blast  for  5  min.,  allowed  to  cool  in  air  for  1  min.,  and  again  blasted, 
this  alternation  being  repeated  until  the  stone  cracks.  A  sixth  cube  is  alternately  exposed  to  the  action  of  the  blast 
and  a  stream  of  cold  water.     All  damage  to  the  cubes  is  noted. 

Abrasive  Resistance. — This  property  depends  on  the  state  of  aggregation  of  the  mineral 
particles  and  in  part  on  their  individual  hardness.  Different  stones  wear  very  differently,  and 
one  of  uneven  hardness  may  wear  in  very  irregular  manner.  The  use  of  stones  in  steps  or  even 
floors  of  public  buildings  where  there  is  much  passing,  serves  well  to  bring  out  their  resistance 
to  abrasion. 

Abrasion  may  also  be  caused  by  wind  blown  sand  and  dust  and  the  effects  of  this  will 
sometimes  smooth  or  polish  rocks  as  hard  as  quartzite. 

It  is  not  uncommon  to  find  uneven  marble  floors  due  to  the  fact  that  tiles  of  uneven  hard- 
ness set  side  by  side  have  worn  down  very  unevenly. 

A  common  method  of  testing  abrasive  resistance  consists  in  lasring  a  slab  of  this  stone  to  be  tested  on  a  grind- 
ing table,  weighting  it  down,  and  applying  emery  or  some  other  abrasive  at  a  given  rate  while  the  table  revolves 
a  certain  number  of  times.  The  stone  is  weighed  before  and  after  the  teat  and  the  loss  in  weight  noted.  An  ob- 
jection to  this  method  is  the  difficulty  of  feeding  the  abrasive  uniformly  under  the  test  piece. 

A  second  suggested  method  consists  in  forcing  sand  through  a  6-cm.  opening  under  a  dry  steam  pressure  of  3 
atmospheres  for  2  min.  The  stone  to  be  tested  is  held  immediately  over  the  opening.  This  test  is  supposed 
to  determine  not  only  the  extent  to  which  the  stone  will  be  abraded  under  the  given  conditions,  but  also  brings  out 
irregularities  in  hardnees. 

Specific  Gravity  and  Weight  per  Cubic  Foot — The  apparent  specific  gravity  of  a  rock  may 
differ  from  the  specific  gravity  of  its  component  minerals,  the  former  being  influenced  by  the 
porosity.    A  rock  of  high  porosity  will  have  a  low  apparent  specific  gravity. 

Bowles  gives  the  following  figures  illustrative  of  the  above: — Friable  sandstone:  specific 
gmvity,  1.825;  weight  per  cubic  foot,  113.1  lb.;  ratio  of  absorption,  1.8.  Quartzite:  specific 
gravity,  2.729;  weight  per  cubic  foot,  170.6  lb.;  ratio  of  absorption,  1.566. 

Softening  Effect  of  Water. — The  cementing  material  of  some  stones,  such  as  sedimentary 
ones,  may  be  softened  by  contact  with  water.     The  degree  to  which  the  stone  is  affected  is 
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taken  as  an  index  of  its  durability.  By  determining  the  tensile  strength  of  a  dry  piece  and  one 
that  has  been  soaked  for  28  days,  and  dividing  the  latter  by  the  former  we  obtain  the  softening 
coeflBcient. 

Corrosion  by  Gases. — Both  oxygen  and  carbon  dioxide  when  brought  in  contact  with  stone 
through  the  medium  of  moisture,  may  cause  corrosion.  Oxygen  will  cause  the  change  of  pyrite 
to  limonite,  or  the  rusting  of  other  iron  minerals.  Carbon  dioxide  causes  slow  superficial 
disintegration  at  least  by  solution  of  carbonate  compounds.  Sulphurous  fumes  may  be 
more  injurious  than  those  of  carbon  dioxide.  Tests  along  these  lines,  carried  on  for  several 
weeks  or  months,  give  measurable  results. 

The  test  for  oorroeion  may  be  carried  out  as  follows:  Cubes  of  approximately  l-in.  sise  may  be  used,  dried  at 
110  deg.  C,  carefully  weighed,  and  the  exact  superficial  area  determined.  They  are  then  suspended  by  threads  in 
a  bottle  of  distilled  water  into  which  a  stream  of  carbonic  acid  gas  is  conducted.  The  water  is  renewed  every  few 
days  and  the  treatment  continued  for  4  weeks.  At  the  end  of  this  time  the  specimens  are  removed,  washed  in  dis- 
tilled water,  cetrefuUy  rubbed  with  the  finger  tips  to  remove  loose  particles,  thoroughly  dried,  and  weighed.  The 
loss  in  weight  denotes  amount  of  damage  caused  by  the  oarbonic  acid  gas  and  may  be  expressed  in  grains  per  square 
inch  of  surface  exposed. 

Microscopic  Examination  of  Stone. — Microscopic  examination  as  an  aid  to  the  study  of 
building  stone,  has  received  considerable  emphasis  in  recent  years.  Such  an  examination 
should  be  made  by  one  familiar  with  the  subject  and  may  give  valuable  information  regarding 
structural  defects  likely  to  cause  trouble,  the  cause  of  differences  in  workability  of  two  stones, 
the  presence  of  injurious  minerals  not  easily  seen  with  the  naked  eye,  etc. 

Sonorousness. — This  test  is  specially  applied  to  marbles  and  slates.  When  a  good  slate 
or  sound  dense  piece  of  marble  in  form  of  a  slab  is  suspended,  it  gives  a  clear  sound  when  struck 
with  a  hard  object.  Mica  slates  are  usually  more  sonorous  than  clay  slates.  Solid  massive 
marbles  are  more  sonorous  than  brecciated  ones. 

Special  Tests  for  Slate, — All  of  the  tests  previously  referred  to  may  be  applied  to  slate,  but 
certain  ones  may  be  applied  because  of  certain  special  uses  to  which  it  is  put.  These  are  as 
follows: 

CletuahUUy. — This  is  to  determine  the  ease  and  smoothness  with  which  the  slate  cleaves.  It  should  be  deter> 
mined  by  a  good  workman  using  a  thin  chisel  with  a  2-in.  edge. 

Character  of  CUavaoe  Surface. — In  general,  the  smoother  the  surface  the  better,  as  it  gives  less  chance  for  lodg- 
ment of  injurious  materials.  Its  smoothness  may  be  examined  with  a  hand  lens.  A  good  sUtte  also,  when  scaled 
along  cleavage,  should  show  thin  chips  with  translucent  edges.  Most  good  slates  show  little  or  no  observable 
texture  to  the  naked  eye. 

Preeence  of  Lime  Carbonate. — This  is  determined  roughly  by  treating  the  slate  with  dilute  hydrochloric  acid. 
A  slate  with  high  lime  carbonate  content  is  generally  less  durable. 

Preeence  of  Magnetite. — To  roughly  determine  this  an  inch  cube  may  be  pulverised,  and  tested  with  a  magnet. 
For  electrical  purposes  slate  with  magnetite  is  undesirable. 

Toughneee  or  Elaetieity. — This  is  tested  by  measuring  the  deflection  when  a  slate  is  placed  on  supports  22  in. 
apart,  and  pressure  applied  from  above. 

Corrodibiiity, — The  resistance  to  corrosion  is  determined  by  immersing  a  weighed  piece  of  slate  in  a  solution 
consisting  of  98  parts  water,  1  part  sulphuric  acid,  and  1  part  hydrochloric  acid.  After  soaking  40  hr.,  the  stone  is 
dried  and  weighed,  the  loss  in  weight  being  noted. 

Special  Tests  for  Marble. — In  addition  to  the  [usual  tests  that  may  be  applied  to  all 
building  stones,  the  following  are  specially  used  for  marbles: 

Poroeity. — A  sawed  block  2  X  1  X  1  in.  is  thoroughly  dried  out  and  then  immersed  for  48  hr.  in  a  concentrated 
4  %  alcoholic  solution  of  nigroeine,  a  deep  blue  dye  soluble  in  alcohol.  After  drying  for  half  an  hour  the  blocks  are 
split  with  hammer  and  chisel,  and  the  degree  of  porosity  is  indicated  by  the  extent  to  which  the  color  has  penetrated 
the  blocks. 

This  test  is  important  because  of  the  frequent  combination  of  metals  and  marbles  on  exposed  faces.  The 
oxidation  of  the  metal  jdelds  coloring  compounds  wliich  may  be  absorbed  by  the  marble. 

Tranelucence. — The  marble  is  out  into  thin  slabs  and  the  degree  to  which  it  transmits  light  may  be  determined 
by  ordinary  photometric  methods.  Marbles  show  great  differences  in  their  light  transmitting  capacity,  and  this 
effects  their  translucence.  Few  marbles  have  been  tested  in  this  manner.  The  best  Pentellic  marble  allowed 
light  to  penetrate  0.59  in.,  Parian  marble,  1.37  in.,  Carrara  statuary  marble,  1.18  to  1.57  in. 

Statuary  Te»t. — Marble  for  statuary  purposes  should  be  inspected  on  a  dull  day  with  a  good  Ught,  the 
surface  examined  being  wet.  It  should  show  uniform  texture,  fine  grain,  and  freedom  from  veins  and  discolora- 
tion. 
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DurabUiiy  of  SUme. — This  is  a  question  of  great  practical  importance.  No  stones  are  of 
eternal  lasting  power  but  some  withstand  the  weathering  agents  for  several  centuries  while 
others  show  signs  of  decay  in  a  few  years  or  even  in  a  few  months.  The  factors  governing 
durability  are:  (1)  physical  and  mineralogical  characters  of  the  stone;  (2)  climatic  conditions; 
and  (3)  location  in  building.  Much  valuable  information  can  be  obtained  by  observing  stones 
in  buildings  long  exposed  to  weather  or  the  weathered  surface  in  quarries. 

Julien,  as  a  result  of  observation  on  buildings  in  New  York  City,  gives  the  life  of  different 
stones  in  that  climate  as  follows: 

Kind  Life  in  yean,  or  length  of  time 

before  repairs  are  neoesBary 

Coarse  brownstone 5  to  15 

Fine  laminated  brownstone 20to60 

Compact  brownstone 100  to  200 

Nova  Sootia  sandstone,  untried 60  to  200  perhaps 

Ohio  sandstone  (best  siliceoos  variety)  perhaps  from  one  to  many  cen- 
turies 

Coarse  f  ossilif erous  limestone 20to40 

Fine  oalitic  (French)  limestone 30  to  40 

Marble,  coarse  dolomitic 40 

Marble,  fine  dolomitic 60  to  80 

Marble,  fine 50  to  100 

Granite 75  to  200 

Gneiss,  50  yr.  to  many  centuries. 

A  stone  for  interior  work  does  not  require  the  weather  resistance  of  one  for  outside  work. 
Stone  for  exterior  use  meets  different  conditions  whether  used  above  or  below  ground,  or  even 
whether  exposed  in  a  vertical  surface  where  water  drains  off  rapidly,  or  in  a  horizontal  surface 
where  it  can  accumulate. 

The  changes  produced  in  a  building  stone  are  those  incident  to  ordinary  weathering  and 
may  be  of  either  physical  or  chemical  nature.  Among  these,  frost  action  is  as  a  rule  the  most 
destructive,  searching  out  the  most  minute  cracks  and  causing  the  chipping  or  flaking  off  of 
pieces  of  rock.  The  Connecticut  brownstone  so  extensively  used  in  former  years  in  the  eastern 
cities  and  usually  set  in  the  building  on  edge,  often  shows  serious  injury  from  frost.  Warmth 
and  humidity  are  also  potent  agents  of  weathering. 

Certain  structural  irregularities,  like  grains  or  lumps  of  pyrite,  veins  of  calcite,  fossil  shells, 
and  even  chert  nodules  may  hasten  the  decay  of  a  stone. 

In  the  quany  the  rock  adjacent  to  weathered  joints  is  often  sufficiently  altered  to  require 
rejection. 

Acid  gases  in  the  atmosphere,  coming  in  contact  with  limestones  or  marbles,  or  sandstones 
containing  calcareous  cement,  also  work  for  the  slow  destruction  of  the  stone.  In  the  latter 
case,  sulphuric  acid  gases  attacking  carbonates  may  form  soluble  sulphates,  which  are  brought 
to  the  surface  as  the  wet  stone  dries  out.  There  they  may  form  a  white  scum  on  the  surface  or 
if  the  salts  crystallize  in  the  pores  of  the  stone  just  below  the  surface,  a  scaling  off  of  the  stone 
is  likely  to  follow. 

18.  Styles  of  Dressing  Stone. — Rubble  is  stone  of  all  shapes  and  sizes  that  is  laid  up  with 
little  or  no  regularity.  WaUs  laid  up  this  way  are  known  as  rubble  work.  Coursing  stone  is  a 
term  applied  when  the  wall  is  laid  up  in  tiers  or  courses.  The  stones  may  or  may  not  be  cut  to 
equal  length  to  resemble  brick  work.  Random  courning  refers  to  waUs  built  up  of  rectangular 
and  bedded  blocks  of  various  sizes.     Dimension  stone  properly  applies  to  stone  cut  to  size. 

The  recognized  methods  of  surfacing  are:  (1)  rock  face — natural  broken  surface  of  the 
stone;  (2)  pointed  face — surface  dressed  comparatively  fiat  by  means  of  the  point;  (3)  hamr- 
mered  /ace-— surface  made  plane  by  hammering  with  patent  hammers  of  different  kinds;  (4) 
ribbed  or  tooth  chiseled — surface  obtained  by  using  a  wide  flat-toothed  chisel,  or  more  often 
produced  by  machinery,  a  common  type  of  finish  for  many  soft  stones;  (5)  sand  finished — 
produced  by  rubbing  a  surface  smooth  with  sand,  often  applied  to  marble  for  exterior  work. 

19.  Dressiiig  IiCacliines — Gang  Saw. — ^Used  for  cutting  large  blocks  up  into  slabs.  Con- 
sists of  an  upright  rectangular  frame  with  a  large  post  of  wood  or  steel  at  each  corner.    Suspended 
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from  this  and  free  to  swing  between  the  posts,  is  a  horizontal  steel  sash  which  can  be  raised  or 
lowered.  The  sash  is  given  a  sawing  motion  by  means  of  a  pitman,  which  in  turn  is  operated 
by  a  belt-driven  crank  attached  to  a  fly  wheel.  The  saws,  which  are  bands  of  soft  steel  3  in. 
wide  and  %  in.  thick,  are  stretched  between  the  head  pieces  of  the  sash,  and  held  in  position  by 
keys.  The  spacing  of  the  saws  determines  the  thickness  of  the  slabs  cut.  During  operation  a 
continuous  supply  of  sand  and  water  is  fed  over  the  stone  and  it  is  the  sharp  sand  which  cuts 
the  stone.  The  overflow  is  caught  in  a  hopper  below  the  block,  and  used  over  again.  The 
above  type  is  generally  used  for  marble  and  limestone.  For  granite  and  hard  sandstone  a 
modified  form  of  structure  is  used,  the  saw  blades  are  heavier  and  notched  on  the  edge,  and 
chilled  shot  or  crushed  steel  is  the  abrasive. 

At  one  Vermont  marble  mill  the  standard  saws  will  cut  a  block  10  ft.  long,  6  ft.  wide,  and 
6  ft.  high.     At  another  mill,  saws  working  on  blocks  of  marble  6  ft.  long,  sink  1  in.  per  hour. 

Rubbing  Bed, — This  consists  essentially  of  a  revolving  steel  plate  or  table  from  4  to  14  ft.  in 
diameter,  and  driven  at  a  rate  of  44  to  48  revolutions  per  minute.  A  wooden  box  surrounding 
the  plate  prevents  scattering  of  sand  and  water.  The  stone  is  placed  face  down  on  the  rubbing 
bed  and  weighted.  A  cross  bar  above  the  table  also  holds  it  stationery.  Sand  and  water  are 
supplied  during  the  operation. 

Planing  Machines. — In  these  the  stone  is  moved  to  and  fro  on  a  horizontal  bed,  while  it  is 
subjected  to  the  cutting  of  grooves,  channels,  or  cornices. 

Lathes, — These  are  used  for  turning  columns  or  other  round  work.  The  cutting  is  usually 
done  with  a  fixed  chisel,  but  in  granite  work,  the  chisel  is  replaced  by  a  steel  disc  set  obliquely 
against  the  stone  and  rotating  with  it. 

Gritting  and  Polishing  Machines. — These  give  the  stone  further  treatment  after  the  rubbing 
bed.  The  machines  vary  in  weight  and  rigidity  according  to  class  of  w^ork.  Marble  gritters 
and  polishers  differ  in  character  of  abrasive  and  speed  of  rotation.  With  granite,  the  head  or 
polishing  surface  is  quite  different  from  that  used  for  marble. 

The  machine  consists  of  a  horizontally  rotating  disc  to  which  different  types  of  head  can 
be  attached.  The  upright  spindle  and  disc  are  rotated  at  the  end  of  a  jointed  adjustable  arm 
so  that  the  polishing  surface  may  be  moved  over  all  parts  of  the  stone.  For  marble  gritting 
the  heads  are  12  in.  diameter,  with  blocks  of  abrasives  attached  in  a  radial  manner  on  the  under 
side.  Finer  grades  are  used  as  polishing  proceeds.  Scotch  hone  is  used  for  final  operation, 
operating  at  200  r.p.m.  Polishers  or  buffers  have  felt  heads  about  20  in.  in  diameter,  operating 
at  400  r.p.m.     Putty  powder  produces  the  gloss. 

Diamond  Saw, — This  is  used  for  making  single  cuts.  There  are  several  types  but  all 
consist  essentially  of  a  steel  disc  in  the  margin  of  which  a  number  of  carbons  are  mounted. 

Carborundum  Machines. — Carborundum  wheels  are  extensively  used  in  marble  finishing 
shops  for  curved  work,  moldings,  cornices,  balusters,  etc.  The  carborundum  wheel  is  first 
set  in  a  lathe,  and  with  a  steel  tool  cut  to  shape  of  negative  of  pattern  desired.  The  wheel  is 
then  placed  on  a  shaft  and  marble  block  on  the  machine  bed  travels  beneath  it.  Bedusters 
are  turned  out  quicker  this  way  than  on  lathes.  A  Vermont  company  completes  in  1  hr.  a 
baluster  Sj4  ft.  long  and  6  in.  greatest  diameter.  Carborundum  saws  are  also  used  in  fluting 
marble  columns. 

20.  Properties,  Distribution,  and  Uses  of  the  Most  Important  Building  Stones. 

20a.  Igneous  Rocks. — Many  kinds  are  used  in  structural  work.  Among  the 
harder  denser  ones,  the  granites  find  greatest  favor  because  of  abundance,  lighter  color,  and 
structural  features  in  the  quarry.  Syenites  and  diorites  are  rare  and  in  little  demand.  They 
possess  no  advantage  over  granite.  Gabbros  are  too  dark  to  suit  most  architects  but  occasion- 
ally are  of  value  for  decorative  purposes.  Diabase  is  hard  and  not  usually  obtainable  in  large 
blocks,  but  has  been  used  for  paving. 

The  volcanic  rocks,  including  many  lavas  and  tuffs,  are  abundant  in  the  far  west  and  Mexi- 
co. They  are  often  porous  and  soft  and  adapted  for  work  in  a  dry  climate  above  ground.  The 
granites  deserve  special  mention. 

Granite. — This  term  is  sometimes  rather  loosely  used  and  may  even  include  gneiss.  Dia- 
base and  gabbro  are  sometimes  called  black  granite.    Only  granites  proper  are  here  considered. 


Sec.  7-206]  BUILDING  MATERIALS  909 

They  show  the  following  properties:  texture — coarse  to  fine,  sometimes  porphyritic ;  co2or — red, 
pink,  white,  gray,  and  intermediate  shades;  crashing  atrengOi — ^good,  average  range  15,000  to 
30,000  lb.  per  sq.  in.;  modvlus  of  rupture — average  of  a  number  of  tests,  1420  to  2410,  another 
set  gave  2480 — 3382;  etasticity — rarely  tested,  one  set  tested  in  pieces  of  20-in.  length,  and  5.5 
in.  diameter  at  middle  showing  compression  of  0.0108  to  0.0243  in.  under  load  of  5000  lb.  per 
sq.  in.  with  a  lateral  expansion  of  from  0.005  to  0.007  in. ;  porosity — always  small,  and  absorption 
usually  under  1  % ;  fire  resistance — not  good,  spalls  easily  under  combined  effects  of  fire  and  cold 
water;  weight  per  cu,  ft — 165  to  170  lb.;  specific  gravity — about  2.66,  which  is  equivalent  to  2 
long  tons  or  4480  lb  .per  cu.  yd. 

{7M9.-rGranite  has  a  wide  variety  of  uses  on  account  of  durability,  textural  and  color 
variations.  Coarser  and  medium  grained  varieties  are  best  for  massive  work,  and  the  finer 
and  even  textured  ones  for  monumental  and  decorative  uses.  Many  take  a  high  and  durable 
polish,  and  darker  ones  often  give  excellent  contrast. 

DistrihuHon  of  Igneous  Rocks  in  the  United  States — 'Eastern  Belt — ^Extends  from  Maine  to 
Georgia.  The  most  productive  region  of  the  United  States  supplying  granite  of  varied  color 
and  texture.  The  quarries  of  Maine  often  located  along  coast  where  shipments  can  be  made 
by  water.  Those  of  Vinal  Haven  and  Hurricane  Island,  Me.,  Barre,  Vt.,  Concord,  N.  H., 
Cape  Ann,  Quincy  and  Milford,  Mass.,  Stony  Creek,  Conn.,  Mount  Airy,  N.  C,  and  Stone 
Mountain,  Ga.,  are  especially  well  known.  Some,  like  Port  Deposit,  Md.,  have  a  gneissic 
structure.  Windsor,  Yt.,  supplies  a  magnificent  green  granite.  The  Quincy,  Mass.  and  West- 
erly, R.  I.,  are  noted  for  monumental  work.  A  variety  of  gabbro  quarried  in  the  Adirondack 
Mountains  of  New  York  is  also  of  ornamental  value.  Diabase  is  extensively  quarried  in  the 
Palisades  of  the  Hudson  for  road  material  and  paving  blocks. 

Wisconsin-Minnesota  Area, — Many  good  granites  occur  in  these  two  states.  The  Montello 
of  Wisconsin  is  a  splendid  red  for  polished  monumental  work.  St.  Cloud  and  Ortonville, 
Minn.,  are  likewise  well  known. 

Southwestern  Area, — This  includes  the  pink  granites  of  southeastern  Missouri,  the  syenites 
near  Little  Rock,  Ark.,  and  Wichita  and  Arbuckle  Mountain  districts  of  Oklahoma,  and  some 
small  areas  of  excellent  granite  in  Llano  and  Burnett  Counties,  Tex. 

CordiUeran  Area. — This  supplies  excellent  granites  in  the  Sierra  Nevada  belt  of  California, 
and  many  volcanic  rocks  adapted  for  structural  work  in  the  area  to  the  east.  Granites  and 
gneisses  occur  in  the  Rocky  Mountains  but  are  little  used. 

Canada, — The  provinces  of  Quebec,  Ontario,  and  British  Columbia  contain  a  number  of 
excellent  granites.    Some  excellent  volcanics  are  also  quarried  on  Vancouver  Island. 

206.  Sandstones. — Texture — ranges  from  coarse  to  fine,  the  former  passing 
into  conglomerates  and  the  latter  by  increase  of  clay  into  shale;  hardness — ^variable,  and  depend- 
ent on  nature  and  quantity  of  cement,  the  strongly  cemented,  dense  siUceous  ones  being  called 
quartzite;  color — ^variable,  commonly  due  to  iron  cement  giving  reds,  browns,  and  yellows, 
whUe  clay  or  organic  matter  will  often  give  gray;  absorption — shows  wide  range,  the  hard  dense 
ones  like  quartzites  showing  under  1%,  while  more  porous  ones  run  as  high  as  10%;  mineral 
impurities — ^pyrite  and  sometimes  mica,  the  latter  if  abundant  along  bedding  planes,  causing 
stone  to  split  under  frost  action;  crushing  strength — shows  average  range  of  9000  to  20,000  lb. 
per  sq.  in.,  or  higher,  but  quartzites  may  run  much  higher;  transverse  strength — a  set  of  10  from 
Ontario  showed  a  moduliis  of  rupture  ranging  from  417  to  2186  lb.  per  sq.  in. ;  specific  gravity — 
about  2.6;  apparent  specific  gravity — from  about  1.8  to  2.7;  weight  per  cu,  ft — ^from  as  low  as 
113  to  as  high  as  170,  depending  on  porosity;  porosity — oranges  from  2%  to  over  15%;  fire 
resistance — ^fairly  good  except  in  dense  stones. 

Uses. — These  include  structural  uses,  as  for  dimension  block,  carved  stone,  steps,  floor  tile, 
paving  blocks,  grave  vaults,  concrete,  road  material,  grindstones,  glass  sand,  and  siUca  brick. 
Some  of  these,  especially  the  last  three,  call  for  stone  of  special  qualities. 

Varities. — ArKose^  composed  chiefly  of  feldspar  grains;  Bluestone,  a  flagstone  much  quarried 
in  eastern  New  York,  but  the  name  is  applied  also  to  many  other  bluish  gray  sandstones;  Brown- 
stone,  a  brown  sandstone  formerly  much  quarried  in  Connecticut  Valley,  but^he  name  has  lost 
its  geographic  significance;   Freestone,  a  sandstone  which  splits  freely  and  dresses  easily; 
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Graytoacke,  a  hard  compact  sandstone,  composed  of  grains  of  feldspar,  quartz,  slate,  and  perhaps 
other  minerals  with  a  clayey  cement. 

DistribtUion  of  Sandstones  and  QuarHzUes. — Sandstones  especially  are  very  widely  dis- 
tributed in  many  parts  of  the  United  States  and  Canada.  The  most  important  in  the  former  is 
the  Berea  quarried  in  northern  Ohio  and  shipped  to  many  points  both  east  and  west.  Many 
good  ones  are  quarried  in  Canada. 

20c.  Limestones. — Mineral  campoeiHon — ^may  be  either  calcitic  or  dolomitic 
but  the  two  grade  into  each  other;  mineral  impurities — ^pyrite  in  many  and  undesirable  on  ac- 
count of  its  weathering  to  limonite,  chert  not  uncommon  in  some  but  is  undesirable  because  it 
weathers  out  as  knots  and  may  cause  stone  to  split  on  exposure  to  weather,  or  interfere  with  drill- 
ing, and  cutting;  color — ^various  shades  of  blue,  gray,  black,  and  white;  hardness — oranges  from 
soft  porous  ones,  like  those  of  Bermuda  or  Caen,  France,  easily  cut  with  saw,  to  dense  massive 
varieties;  texture — usually  fine  grained  but  sometimes  coarse;  absorption — ^usually  under  2% 
but  some  may  run  as  high  as  10  to  12%;  crushing  strength — shows  wide  range,  a  series  of  34 
Canadian  ones  running  from  8000  to  37,000;  transverse  strength — variable,  some  being  as  low 
as  800  and  others  as  high  as  4000,  with  2000  about  the  average  modulus  of  rupture ;  fire  resistance 
— ^fair,  at  temperatures  below  that  required  to  convert  the  stone  into  quicklime. 

Varieties  of  Limestone,--Chalh — fine  white  earthy  limestone,  not  of  much  use  for  building; 
Coquina — a  loosely  cemented  shell  aggregate  found  near  St.  Augustine,  Fia. ;  Dolomite — a  rock 
containing  the  mineral  dolomite  as  the  chief  carbonate;  Hydraxdic  limestone — one  containing 
sufficient  clayey  impurities  to  be  used  for  making  cement;  Oolitic  limestone — one  made  up  of  small 
rounded  grains,  the  Bedford,  Ind.,  limestone  and  some  French  ones  used  for  structural  work  being 
of  this  character;  Travertine  or  calcareous  tufa — a  porous  limestone  deposited  by  spring  waters 
and  sometimes  sufficiently  hard  and  compact  for  building — that  quarried  near  Rome,  Italy,  is 
exported  to  the  United  States  for  interior  work  in  walls  and  floors. 

Uses, — ^Limestones  are  widely  used  for  all  kinds  of  structural  and  decorative  work,  the 
denser  harder  varieties  taking  a  polish,  and  sometimes  called  marble  in  the  trade  Much  is 
used  for  lime  and  cement,  road  material,  blast  furnace  flux,  and  in  the  chemical  industries. 
There  is  thus  a  market  often  for  the  waste  stone. 

Distribution. — Limestones  are  so  widely  distributed  that  few  quarrying  districts  do  more 
than  supply  a  local  demand.  One  exception  is  the  Bedford,  Indianna,  area  whose  product  is 
shipped  to  many  points  in  the  United  States  and  Canada.  Canada  contains  many  limestone 
deposits  of  excellent  character.  Not  a  few  decorative  limestones  are  imported,  these  including 
the  Caen,  Normandie,  and  Hauteville  stones  of  France  and  the  Roman  travertine. 

20d,  Marbles. — This  term  properly  includes  those  limestones  and  dolomites  of 
crystalline  texture,  dense  character,  and  susceptibility  of  taking  a  good  polish.  Mineral  com- 
position— ^when  pure,  calcite  or  dolomite  or  a  mixture  of  the  two — accessory  minerals  may  be 
graphite  or  mica,  often  arranged  in  patches  or  bands  thus  giving  a  decorative  effect — serpentine 
may  be  present  in  some;  mineral  impurities — ^pyrite  found  in  any  kind,  tremolite  in  dolomitic 
marbles,  chert  in  some;  structure — ^this  may  be  massive,  banded,  or  brecciated,  the  interspaces 
of  the  latter  often  being  filled  by  coloring  cement  which  adds  greatly  to  the  stones  decorative 
value;  weathering  qualities — ^many  massive  marbles  show  excellent  durability  but  the  presence 
"^  of  bands  of  mica  or  other  silicates,  or  brecciated  structure  detracts  from  the  life  of  the  stone  if 
exposed  to  a  frosty  climate;  color — shows  wide  range,  white,  gray,  black,  red,  yellow,  brown, 
pink,  etc.;  texture — ^from  coarse  to  fine;  absorption — ^always  low,  usually  under  1%;  crushing 
strength — averages  about  15,000  lb.  per  sq.  in.  or  inoTe;  actual  specific  gravity — 2.7  to  2.9,  dolo- 
mite marbles  being  heavier  than  calcite  ones — ^marbles  weigh  from  165  to  180  lb.  per  cu.  ft. 

Uses, — Massive,  sound  marbles  of  varying  texture  may  be  used  for  ordinary  structural 
work  or  even  coarser  carving;  fine-grained,  even-textured  and  usually  even-colored  types  for 
statuary;  colored,  clouded,  banded,  and  brecciated  forms  much  employed  for  interior  decora- 
tion. By  matching  slabs  of  banded  marble  together,  highly  decorative  patterns  are  sometimes 
obtained.  The  massive  ones  containing  only  carbonate  minerals,  usually  take  a  more  continu- 
ous polish.  Slabs  are  frequently  used  for  floor  tiling  but  the  mistake  is  often  made  of  setting 
pieces  of  different  abrasive  resistance  side  by  side.  In  localities  where  there  is  much  passing, 
the  floor  rapidly  gets  uneven. 
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Ditiribuiion  in  United  States. — The  Eastern  belt,  from  northern  Vermont  to  Alabama, 
supplies  a  great  variety  of  marbles.  Noteworthy  are  the  variegated  hard  siliceous  ones  of 
Swanton,  widely  used  for  flooring;  the  white,  gray,  and  green  veined,  banded,  and  clouded  ones 
of  western  Vermont;  the  pink  and  brown  of  Tennessee  for  flooring,  wainscoting,  and  structural 
work;  and  the  white  coarse  texture,  as  gray  and  white  of  Georgia,  for  structural  work,  interior 
decoration,  and  monimients.  Black  marbles  are  quarried  in  Virginia.  Some  white  and 
streaked  marbles  are  quarried  in  Colorado,  and  white  or  banded  ones  in  California.  Many 
highly  ornamental  marbles  are  quarried  in  Quebec  and  also  British  Columbia. 

Serpentine  Marble, — Massive  rock  composed  largely  of  the  mineral  serpentine,  but  con- 
taining varying  quantities  of  such  impurities,  as  iron  oxides,  pyrite,  hornblende,  pyroxene,  and 
carbonates  of  lime  and  magnesia.  The  color  is  often  green  or  greenish  yellow,  but  others  are 
various  shades  of  black,  red,  or  brown. 

It  is  one  of  the  most  decorative  stones  known  but  often  difficult  to  obtain  in  large  slabs 
on  account  of  the  frequent  and  irregular  joints  in  the  quarries.  Most  serpentines  are  also 
unsafe  for  exterior  use  in  a  severe  climate  as  they  lose  their  polish  and  break  along  the  veins  that 
often  traverse  them.  Comparatively  little  serpentine  is  quarried  in  the  United  States.  That 
from  Roxbury,  Vt.  is  one  of  the  best  known.  Another  known  as  verdolite  is  obtained  near 
Easton,  Pa.,  and  others  from  Maryland  and  Georgia.     Much  is  imported  especially  from  Greece. 

Onyx  Marble. — A  calcareous  rock  of  crystalline  texture,  high  translucency,  and  usually 
ornamented  by  veins  and  cloudings  of  iron  oxide.  It  is  much  used  for  special  decorative  work 
and  is  a  stone  of  great  beauty.  It  should  not  be  exposed  to  the  weather  or  abrasion.  Mexico 
has  contributed  much  onyx  to  the  trade  as  has  also  Egypt. 

20«.  Slate. — Slates  are  divided  into  clay  slates  and  mica  slates,  the  latter  being 
the  more  abundant.  These  may  in  turn  be  subdivided  into  fading  slates  of  black,  green,  or 
purplish  color,  and  unfading  ones  of  black,  red,  green,  or  purplish  color.  Mica  slates  possess 
greater  strength  and  elasticity. 

Structvre — Slaty  cleavage  is  the  most  important  property — ^bate,  or  false  cleavage  is  a 
minute  plication  resulting  in  microscopic  slips  or  faults  along  which  the  slate  breaks  easily; 
mineral  impturitiee — ^pyrite  in  lumps  and  grains  may  be  present,  and  causes  rejection  of  the 
slate — quartz  a,nd  calcite  veins  also  are  undesirable — ^magnetite  should  be  absent  if  the  slate 
is  to  be  used  for  electrical  work.  Color — as  stated  above;  texture — ^fine  grained;  transverse 
sbrenqth — ^in  best  slates,  modulus  of  rupture  is  7000  to  10,000  lb.  per  sq.  in. ;  elasticity — as  measured 
by  deflection  of  a  slab  set  on  supports  22  in.  apart,  about  0.27  to  O.Zl^  in.;  specific  gravity — ^2.7; 
absorption — ^under  1  %. 

Uses. — Thinly  cleaving  slate  is  used  for  roofing.  Thick  slabs,  known  as  mill  stock, 
are  used  for  stair  treads,  toilet  partitions,  shower  baths,  urinals,  floor  tile,  switchboards,  sinks, 
tubs,  blackboards,  etc.  Roofing  slates  have  usually  ranged  from  H  to  ^  in.  in  thickness,  depend- 
ing on  size,  but  modem  practice  has  standardized  the  thickness  at  ^e  i^^*  for  commercial  grades. 
Thicker  slates  are  produced  for  what  are  known  as  architectural  roofs. 

The  price  and  measurement  of  slate  are  figured  by  the  square  (100  sq.  ft.).  The  number 
of  slates  required  for  a  square  can  be  determined  by  the  formula: 

_  28,800 
^^bd-bl 

in  which  n  »  number  of  slates  in  square,  b  »  width  of  slate,  d  «  length  of  slate,  and  I  —  over- 
lap in  inches. 

Roofing  slate  is  trimmed  with  the  lower  edge  parallel  to  the  grain. 

Although  slate  makes  a  durable  roofing  material,  in  recent  years  it  has  had  serious  com- 
petitors in  burned  clay  tile  and  various  artificial  roofing  materials^  such  as  asbestos  shingles. 

DistribtUion. — Most  of  the  slate  quarried  in  the  United  States  is  obtained  from  the  East, 
Maine,  Vermont,  New  York,  Pennsylvania,  and  Maryland  being  important  producers.  Some 
is  obtained  from  Arkansas  and  California.  The  known  localities  of  good  slate  are  limited,  for 
the  stone  to  be  salable  and  durable  must  meet  rather  severe  requirement.  A  little  is  quarried 
in  Canada. 
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BRICK 

Bt  D.  Knickerbacker  Botd 

Brick  is  adapted  to  a  variety  of  uses  in  the  construction  of  buildings,  being  used  for  ex- 
terior and  interior  walls,  for  fireproofingy  for  backing  up  other  materials,  and  for  decorative 
effects.  The  possibilities  for  artistic  treatment  of  wall  surfaces  are  not  even  limited  by  the 
wide  range  of  color  and  texture  of  brick,  for  with  the  use  of  a  given  brick,  wide  variations  in 
color  effect  and  texture  may  be  obtained  by  varying  the  size,  design,  and  color  of  the  mortar 
joint.  For  example,  a  raked  out  gray  mortar  joint  will  not  only  give  a  rougher  texture  to  a  wall 
but  will  also  give  a  darker  color  effect  than  if  the  same  mortar  be  cut  flush  with  the  face  of  the 
same  brick. 

The  word  brick  as  ordinarily  used,  refers  to  a  block  of  common  clay  burned  in  a  kiln,  and 
until  comparatively  recent  years,  practically  all  brick  were  burned  clay  brick.  Brick,  however, 
is  made  in  which  the  base  is  of  other  material  than  common  clay,  and  when  such  brick  are 
referred  to,  a  descriptive  prefix  should  be  used  in  connection  with  the  word  brick,  such  as 
fire-clay  brick,  slag-brick,  silicas-brick,  cement-brick,  sand-lime  brick,  etc. 

21.  Classes  of  Brick. — Commercially,  brick  may  be  divided  into  tw^o  general  classes: 
building  brick  and  refractory  brick. 

Building  brick  are  the  various  kinds  of  brick  commonly  employed  in  construction  work, 
and  include  such  brick  as  "common"  brick,  "face"  brick,  cement  brick,  sand-lime  brick,  etc. 
Paving  brick,  according  to  their  composition  and  burning,  may  fall  within  this  class  or  under 
refractory  brick. 

Refrctctory  brick  are  designed  primarily  to  meet  special  conditions  of  use,  such  as  resist- 
ance to  the  action  of  fire,  and  gases  at  high  temperature,  etc.  They  include  the  various  kinds 
of  fire  brick,  and  such  special  brick  as  silica,  ganister,  basic,  and  chrome  brick.  These  latter 
find  their  largest  use  as  linings  for  various  industrial  furnaces.  The  American  Society  for  Testing 
Materials  and  the  Refractory  Brick  Manufacturers  Association  have  published  detailed  des- 
criptions of  results  of  tests,  and  recommended  uses  for  the  various  kinds  of  refractory  brick, 
and  the  latter  Association  has  issued  several  illustrated  sheets  and  charts  for  standards  for  this 
type  of  brick  including  those  of  radial  shape. 

Clay  building  brick  may  be  broadly  classified  as  common  brick  and  face  brick. 

Common  brick  is  the  brick  most  extensively  used  for  the  construction  of  walls,  piers,  etc.; 
for  backing  up  stone  and  terra  cotta;  and  for  fireproofing  steel  and  iron.  In  the  East  it  is 
usually  red — the  depth  of  color,  however,  depending  on  the  composition  of  the  clay,  the  me- 
thod of  manufacture,  and  the  degree  of  burning.  In  the  Middle  West  common  brick  is  usually 
yellow;  and  in  other  sections  of  the  coimtry,  the  color  varies  with  the  clays  which  are 
indigenous. 

Face  brick  are  the  brick  used  on  the  exposed  surfaces  of  walls,  piers,  etc.  Common  brick 
may  also  be  used  as  a  face  biick,  in  which  case  the  best  of  the  bricks  are  usually  selected  either 
at  the  kiln  or  from  those  intended  for  the  solid  wall  as  laid.  As  the  term  "face"  brick  is  gen- 
erally understood,  however,  through  commercial  usage,  it  means  a  brick  especially  made  or 
selected  for  its  color,  surface  texture,  regularity  or  irregularity  of  its  surface  as  may  be  required 
to  produce  the  desired  decorative  effect  on  surfaces  exposed  to  view. 

22.  Color  of  Brick. — Brick  may  be  obtained  in  practically  any  color,  the  color  depending 
principally  on  the  presence  of  various  chemicals,  coloring  mater,  etc.,  in  the  clay.  The  usual 
colors  are  red,  buff,  gray,  iron  spot,  and  manganese  spot.  Perfectly  white  brick  can  be  ob- 
tained only  by  the  use  of  surface  glazes  or  enamels,  but  light  gray  or  cream  brick  can  be  produced 
from  various  mixtures  of  clay  and  chalk  or  from  certain  marls. 

Among  the  principal  materials  affecting  the  color  of  the. brick  are:  iron,  lime,  and  magnesia.  Oxide  of  iron 
produces  a  bright  red;  magnesia,  a  brown;  and  magnesia  and  iron,  a  drab.  Mineral  coloring  matter,  especially  in 
connection  with  dry  pressed  brick,  is  sometimes  added  to  the  clay.  In  addition  to  the  colors  themselves,  the  follow- 
ing expressions  are  in  general  use:  clear  colw — a  brick  with  a  clear  color  and  without  flash ;  fire  fioaked — a  brick  which 


Sec.  7-23]  BUILDING  MATERIALS  913 

htm  been  subjeoted  to  a  reducing  action  of  the  fire,  thereby  bringing  out  the  iron  in  the  day  and  producing  darker 
colon  on  the  faces  and  heada  of  the  brick  than  ia  produced  in  the  interior  of  the  brick. 

23.  Raw  Materials. — The  basic  materials  of  which  ordinary  building  brick  are  made  are 
clay,  silicate  of  alumina  or  shale^  and  in  smaller  and  varying  quantities,  silica  (sand  or  quartz), 
oxide  of  iron,  lime,  and  possibly  some  magnesia,  potash,  and  soda. 

For  face  brick  the  clay  is  usually  very  carefully  selected  and  often  several  clays  of  different 
compositions  are  mixed  to  obtain  the  desired  result. 

Clay, — Pure  clay  or  kaolin  is  white  and  the  best  qualities  are  used  principally  in  the  manufacture  of  china  and 
porcelain.  The  clay  used  for  briokmaking  is  usually  the  surface  or  a  lower  grade  of  material.  It  generally  contains 
•and  (silica)  and  small  quantities  of  iron  oxide,  lime,  and  magnesia. 

Clay  for  making  vitrified  brick  should  be  fusible,  plastic,  and  able  to  be  heated  to  high  temperature  without 
losing  its  shape. 

Shale. — Brick  are  also  made  of  shale.  This  is  the  natural,  soft  rock  from  which  day  is  produced  by  decompo- 
sition.    It  makes  a  much  harder  brick  than  ordinary  clay. 

Sand  (nlica). — Sand,  if  not  normally  present  in  sufficient  quantities,  is  added  to  the  clay  to  prevent  cracking, 
shrinking,  and  warping  and  also  to  allow  a  partial  vitrification  of  the  material.  The  larger  the  proportion  of  sand, 
the  more  uniform  in  texture  and  shape  will  be  the  brick,  but  if  used  in  too  large  a  quantity  it  will  cause  the  brick 
to  be  weak  and  brittle. 

Oxide  of  Iron. — Oxide  of  iron  acts  as  a  flux,  increases  the  hardness,  and  gives  the  brick  a  red  color. 

Lime. — ^Lime  acts  as  a  flux,  and  lessens  the  shrinkage  of  the  brick  in  drying.  The  lime  should  be  present  in  a 
finely  divided  state,  as  lumps  of  lime  constitute  a  serious  defect.  An  excess  of  lime  will  hasten  disintegration  on 
exposure  to  the  weather  and  may  also  cause  the  brick  to  melt  and  lose  their  shape  in  burning. 

Mof/neeia^  Potaeh^  and  Soda. — These  act  as  a  flux  in  burning,  thereby  causing  the  grains  of  silica  to  melt  and 
bind  the  various  particles  together.  . 

lAtnonile  and  PyrUe. — These  are  among  the  more  common  injurious  materials  sometimes  found  to  be  present  in 
the  elay.  limonite  which  is  oxidised  pyrite,  will  cause  fused  blotches  or  weak  spots;  and  pyrite  bums  away, 
leaving  flaws. 

24.  Manttfacture  of  Brick. — Bricks  are  made  by  first  properly  preparing  the  clay  and  then 
molding  it  to  the  required  shape.  After  drying  until  sufficiently  hard  to  be  stacked  in  the  kiln, 
the  bricks  are  submitted  to  a  temperature  usually  about  2000  deg.  F.  which  converts  them  into 
a  vitrified  or  semi-virtrified  mass. 

The  characteristics  of  brick  are  largely  dependent  upon  the  clay  used,  the  method  of  manu- 
facture employed,  and  the  degree  of  burning. 

According  to  the  methods  employed  in  making,  brick  are  known  as  soft-mud  brick,  stiff- 
mud  brick,  dry-pressed  brick,  repressed  brick,  machine  brick,  and  hand-made  brick. 

According  to  the  degree  of  burning  and  location  in  the  kiln,  common  brick  are  generally 
known  as  arch  or  clinker  brick,  body,  cherry,  or  hard  brick,  and  salmon,  pale  or  soft  brick. 

SofirMud  Brick. — Soft-mud  brick  are  molded  either  by  hand  or  machine  from  day  which  has  been  reduced  by 
the  addition  of  water  to  a  soft  and  plastic  mass.     Hand-made  brick  are  practically  all  made  by  this  process. 

Stiff-Mud  Brick. — In  the  manufacture  of  stiff-mud  brick  only  enough  water  is  added  to  make  the  day  plastic. 
IhJB  stiff  mad  ia  then  forced  through  a  die  by  machinery  and  is  automatically  cut  to  the  required  sise.  They  are 
known  as  end-cut  or  aide-cut,  according  as  the  cut  is  on  the  ends  or  on  the  sides  of  the  brick.  These  brick  are  usu- 
ally distinguished  from  soft  or  pressed  in  that  the  cut  suriaces  have  a  rough  texture  and  the  other  surfaces  are 
amooth.     They  are  alwajrs  machine  made  and  are  sometimes  known  as  vnre-cut  brick. 

Good  brick  can  be  made  either  by  the  wet  or  stiff-mud  process  and  their  relative  qualities  vary  in  different 
aeotions  of  the  country. 

Drjf-Preeeed  Brick. — These  are  sometimes  referred  to  as  preeeed  brick.  They  are  machine  molded  from  damp- 
ened day,  are  practically  always  used  for  face  work  and  include  the  various  hydraulic  pressed  brick. 

Repreeeed  Brick. — Usually  a  stiff-mud  brick  repressed  in  a  press  box  before  burning.  Tne  brick  is  thereby 
made  much  more  regular  in  shape,  but  with  consequent  increase  in  the  cost.  Soft-mud  brick,  after  being  partially 
dried,  are  occasionally  repressed,  a  process  that  greatly  improves  the  form  and  increases  the  strength  of  the  brick, 
but  mora  frequently  the  term  repreeeed  refers  to  a  repressed  stiff-mud  brick.  Repressed  brick  are  sometimes  in- 
correctly called  preeaed  brick. 

Machine-Made  Brick. — Any  brick  not  hand  made.  As  all  brick  may  be  machine  made  and  as  all  but  soft 
mud-brick  are  machine  made,  the  term  is  indefinite. 

Hand-Made  Brick. — The  soft^mud  brick  are  the  only  hand-made  brick. 

Arch  or  Clinker  Brick. — These  are  the  brick  which  adjoin  the  firing  spaces  and  being  subjected  to  extreme 
heat  aie  harder,  more  Irregular  in  shape  and  color  than  any  of  the  others.  In  some  cases  they  are  partly  vitrified 
and  almost  blade  in  color  on  one  or  more  faces. 

Body,  Cherry,  or  Hard  Brick. — These  are  the  most  regular  in  shape  and  color  of  the  brick  taken  from  the  kiln. 
They  are  neither  over  nor  under  burned  and  constitute  the  major  portion  of  the  brick  from  each  kiln. 
58 
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Salnum^  Pale,  or  Soft  Brick.— Thtmb  are  underbumed,  being  those  remote  from  the  fire.  They  have  not 
sufficient  hardness  or  strength  to  warrant  their  use  alone  in  exposed  places,  piers,  at  load-bearing  walls  involving 
any  considerable  weight.     They  may  be  used  in  connection  with  hard  brick  for  filling  and  backing  up. 

The  terms  salmon  and  pale  refer  to  the  color  of  the  brick  and  hence  are  not  applicable  to  a  brick  made  of  day 
that  does  not  bum  red.  In  most  instanoes,  the  day  used  for  making  common  building  brick  bums  red,  but  the  local- 
ities in  which  this  is  not  the  case  are  suffidently  numerous  to  make  it  desirable  to  use  a  different  term  in  designating 
this  quality  of  brick. 

8mocth  Brick. — ^A  brick  of  any  of  the  above  tsrpes  having  a  relatively  smooth  surface  on  its  face  and  ends. 

Water  Struck  Brick  (dop  brick). — A  brick  of  the  soft-mud  type,  the  mold  having  been  dipped  into  water  just 
before  being  filled  with  clay.  They  are  usually  made  by  hand  and,  in  any  case,  are  more  or  less  irregular  in  shape 
and  color,  and  the  surface  is  comparatively  smooth. 

Sand-Struck  Brick  (sanded  brick). — A  brick,  usually  of  the  soft-mud  type,  coated  while  molding  on  its  face  and 
ends  with  sand.  The  sand  is  placed  in  the  molds  both  to  prevent  the  brick  from  sticking  and  to  give  the  desired 
surface  effect. 

Rough  texture  Bride. — A  brick  having  an  artificially  roughed  surface.  Some  are  irregular  in  conformation  and 
others  have  ridges  and  vaUejrs  extending  in  a  vertical  or  horisontal  direction  on  exposed  faces.  The  brick  is  usually 
but  not  necessarily,  of  the  stiff-mud,  wire-cut  type  and  many  of  them  are  given  trade  names  descriptive  of  the 
texture. 

25.  Classification  of  Brick  According  to  Physical  Properties. — The  Am.  See.  for  Test. 
Mat.  in  1919  adopted  the  report  of  Comm.  C-3,  classifying  brick  as  follows: 

According  to  the  results  of  the  physical  tests,  the  brick  shall  be  classified  as  vitrified,  hard,  medium,  and  soft 
on  the  basis  of  the  following  requirements: 


Name  of 
grade 

Absorption  limits 
(per  cent.) 

Compressive  strength  on 
edge  Ob.  per  sq.  in.) 

Modulus  of  rupture 
(lb.  per  sq.  in.) 

Mean  of 
5tests 

Individual 
maximum 

Mean  of 
5  tests 

Individual 
minimum 

Mean  of 
5  tests 

Individual 
minimum 

Vitrified  brick 

5  or  less 

6.0 

5000  or  over 

4000 

1200  or  over 

8000 

Hard  brick 

6  to  12 

16.0 

3500  or  over 

2500 

600  or  over 

400 

I^edium  brick 

12  to  20 

24.0 

2000  or  over 

1500 

450  or  over 

300 

Soft  brick 

20  or  over 

No  limit 

1000  or  over 

800 

300  or  over 

200 

The  standing  of  any  set  of  bricks  shall  be  determined  by  that  one  of  the  three  requirements  in  which  it  is  the 
lowest. 

26.  Quality  and  Crushing  Strength  of  Brick. — Theoretically,  a  brick  of  the  very  best 
quality  should  be  regular  and  true  in  shape  and  free  from  kiln  marks  or  depression  caused  by 
pressure  of  the  brick  above  it  in  the  kiln.  It  should  be  well  burned  throughout,  free  from  lumps 
of  lime,  large  pebbles,  air  bubbles  or  fissures,  of  firm  compact  texture  and  fairly  even  in  color. 
It  should  give  a  clear  ringing  sound  when  struck  a  sharp  blow  with  a  hammer  or  against  another 

brick. 

For  many  purposes  it  is  not  necessary  to  insist  upon  a  brick  possessing  all  of  these  qualities, 
a  fairly  regular  well-burned  brick  being  usually  sufficient.  The  various  standards  of  quality, 
moreover,  depend  upon  the  kind  of  brick  and  the  method  of  manufacture  employed.  A  soft- 
mud  brick  that  woidd  be  classed  as  regular  and  true  in  shape  would  by  no  means  have  these 
qualities  to  the  same  degree  as  a  dry-pressed  or  repressed  brick. ' 

The  crushing  strength  of  brick  is  valuable  mainly  in  comparing  different  brands  or  makes, 
and  does  not  represent  the  strength  of  the  brick  masonry,  as  this  strength  is  dependent  on  the 
strength  of  the  mortar  and  care  in  laying,  as  much  as  on  the  strength  of  the  brick.  Conse- 
quently, the  crushing  strength  of  the  brick  is  relatively  not  of  great  importance  unless  the  mortar 
used  is  practically  as  strong  as  the  brick,  as  would  be  the  case  with  the  use  of  cement  or  strong 
cement-lime  mortar  (for  tests  on  brick  and  brick  piers,  see  Appendix,  G),  Maximum  safe 
loads  for  brick  masonry  are  given  in  Appendix  7. 
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27.  Size  of  Brick. — ^There  is  no  legal  size  for  brick  in  this  country,  with  the  result  that  there 
has  been  a  wide  variationi  not  only  in  the  size  of  the  brick  made  in  different  sections  of  the 
country,  but  often  by  different  manufacturers  in  the  same  locality.  During  comparatively 
recent  years,  however,  different  associations,  societies,  etc.,  interested  in  the  use  of  brick  and 
in  the  standardizing  of  building  materials  have  adopted  standard  sizes  for  the  various  kinds  of 
brick. 

It  must  be  understood  that  these  standard  sizes  are  based  on  the  size  of  an  average  burned 
brick  and  are  intended  to  represent  close  approximate  or  average  sizes  rather  than  absolute 
fixed  dimensions  to  which  no  variation  is  allowed.  Any  layout  which  allows  for  ample  jointing 
will  take  care  of  small  variations  in  size.  In  burning,  the  brick  shrinks  from  the  size  in  which 
it  was  molded;  and  since  the  exact  amount  of  the  shrinkage  depends  on  the  composition  and 
kind  of  raw  materials  and  on  the  degree  of  burning,  it  is  commercially  impractical  to  make 
every  brick,  even  with  same  method  of  manufacture,  of  exactly  the  same  size.  The  harder 
burned  brick  will  average  smaller  than  the  softer  or  underburned  brick,  and  clay  from  different 
portions  of  the  same  clay  bank  will  sometimes  vary  in  the  amount  of  shrinkage. 

8i*€  of  huUding  and  face  brick. — The  Am.  Face  Brick  Aaso.  in  1918,  the  Common  Brick  Mfgs.  in  1020,  and 
the  Am.  Soc.  for  Teat.  Mat.  in  1020,  adopted  a  size  of  2>^  X  3^  X  8  in.  as  the  standard  sise  for  both  building 
and  face  brick. 

Size  ofR<man  brick. — The  Nat.  Brick  Mfgs.  Asso.  in  1880  adopted  a  sise  of  IH  X  4  X  12  in.  for  Roman  brick. 

Site  of  Norman  brick. — The  Nat.  Brick  Mfgs.  Asso.  adopted  a  sise  of  2^  X  4  X  12  in.  for  Norman  brick. 

Site  of  paving  brick. — The  Am.  Soc.  for  Municipal  Improvements  in  1918  adopted  a  sise  of  ZH  X  4  X  SH  in* 
for  all  paving  brick.     A  variation  of  over  H  in*  in  width  and  depth,  and  >^  in.  length  is  not  allowed. 

8i*€  of  enameled  brick. — The  usual  sises  of  enameled  brick  as  listed  by  some  of  the  largest  manufacturers  are  as 
follows: 

Standard  sise 2^  X  4  X  8^  in. 

Roman  sise IH  X  3J^  X  llH  in. 

English  sise 2H  X  4H  X  8H 

Norman  sise 2yi  X  4  X  11^  in. 

SpUtsise IH  X  4  X  8in. 

28.  Sand  Lime  Brick. — Sand  lime  brick  are  made  from  an  intimate  mixture  of  sand  and 
lime,  and  are  of  two  classes — ^lime  mortar  brick  in  which  the  cementing  material  is  carbonate 
of  limei  and  sand-lime  brick  in  which  silicate  of  lime  forms  one  of  the  cementing  materials. 

Lime-mortar  brick  is  the  older  form  of  sand-lime  brick  and  was  only  used  in  a  small  way 
even  where  sand  and  lime  were  cheap  and  clay  brick  were  scarce.  It  is  virtually  a  lime  mortar, 
molded  into  the^ shape  of  a  brick,  hardened  in  the  open  air  in  connection  with  carbon  dioxide 
either  with  or  without  pressure.  The  brick  are  sometimes  weak  and  friable  and  have  not  given 
entire  satisfaction. 

Sand-lime  brick  are  made  from  an  intimate  mixture  of  sand  or  granular  silicate  and  hy- 
drated  calcium  lime.  These  two  materials  are  mixed  in  the  porportion  of  about  6  to  10  parts  of 
sand  to  1  of  hydrated  lime,  molded  in  a  press  and  hardened  in  a  large  cylinder  filled  with  steam 
at  100  to  150-lb.  pressure. 

The  bonding  is  the  result  of  the  formation  of  calcium  silicate,  calcium  magnesium  silicate, 
or  calcium  hydro-silicate  due  to  the  action  of  the  steam  upon  the  sand. 

This  form  of  sand-lime  brick  is  the  only  one  to  which  the  term  now  applies. 

The  natural  color  of  sand-lime  brick  is  white  or  light  gray  varying  to  some  extent  according  to  the  color  of  the 
sand  used.  Other  colors  may  be  obtained  by  the  use  of  inert  mineral  oxides,  but  these  affect  the  quality  of  the 
brick,  in  proportion  to  the  quantity  of  the  coloring  material  required. 

The  quality  of  sand-lime  brick  depends  largely  on  the  proper  selection  of  the  sand  and  lime,  and  upon  care  in 
manufacture.  The  sand  shotild  be  pure  silica  sand  containing  a  large  proportion  of  fine  grains.  Clay  or  kaolin 
tends  to  weaken  the  brick  and  not  more  than  10  %  should  be  permitted. 

8and-lime  brick  have  sharp*edg08,  are  straight  and  should  be  of  uniform  sise,  composition,  and  density.  In 
physical  appearance  and  quality  they  can  be  made  to  reeemble  dry-pressed  brick  but  the  quality  maiptained  by 
the  various  manufacturers  has  not  always  been  uniform  and  the  brick  have  frequently  not  averaged  as  strong  as 
tne  ordinary  clay  building  brick.  They  have  also  bcK^n  deficient  in  resistance  to  frost  and  weather.  It  is  therefore 
necessary  to  exercise  special  care  in  the  selection  of  the  manufacturer.  The  bricks  also  should  be  very  carefully 
handled  to  avoid  crumbling  of  the  edges. 
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Technology  Paper  No.  85  of  the  Bureau  of  Standards  published  in  1019,  on  the  "  Manufacture  and  Properties 
of  Sand-Lime  Brick "  givee  a  complete  description  of  this  product. 

29.  Cement  Brick. — Cement  bricks  are  used  only  in  a  few  sections  of  tiie  country  and 
to  a  comparatively  small  extent.  They  are  made  either  by  hand  or  by  machine,  and  are 
similar  in  composition  and  qualities  to  cement  building  blocks.  Portland  cement  and  sand, 
or  sand  and  gravel  or  crushed  stone,  mixed  in  the  proportion  of  1  part  cement  to  4  parts  sand 
or  1  part  cement  to  3  parts  sand  and  3  parts  gravel  or  crushed  stone  passing  a  H-in*  &i^d  re- 
jected by  a  3^-in.  mesh  screen  are  the  usual  proportions  of  the  materials  employed. 

Coloring  matter  is  sometimes  mixed  with  the  cement  and  sand.  Various  textures  and  colors  can  be  obtained 
by  the  use  of  different  aggregates  and  by  brushing  the  surface  with  water  or  acid  before  the  cement  hns  set. 

30.  Slag  Brick. — Slag  brick  are  made  from  a  mixture  of  basic  slag  and  slaked  lime.  The 
silica  in  the  slag  usually  ranges  from  22  to  35  %,  the  alumina  and  iron  oxide  together  from  16  to 
21  %  and  the  lime  from  40  to  51  %.  In  the  manufacture,  the  granulated  slag  is  dried  and  pul- 
verized and  the  powdered  slaked  or  hydrated  lime  is  added,  usually  with  a  small  amount  of 
water.  This  mixture  is  then  molded  into  shape  either  by  hand  or  by  machine  and  dried  for 
from  6  to  10  days  in  the  open  air. 

31.  Fire  Clay  Brick. — In  the  manufacture  of  fire  clay  brick,  certain  clays,  one  of  which  is  a 
plastic  clay  serving  as  a  skeleton  for  the  brick,  are  heated  until  partial  vitrification  occurs. 
The  principal  kinds  of  brick  in  the  manufacture  of  which  fire  clay  plays  an  important  part  are 
fire  hrickf  paving  brick,  acid-proof  brick,  and  glazed  brick, 

32.  Fire  Brick. — Fire  Bricks  are  used  for  the  linings  of  fire  places,  back  hearths,  boiler 
stacks,  linings  of  fire  boxes  in  heating  and  power  boilers,  and  wherever  resistance  to  the  effects 
of  high  temperature  is  a  prime  consideration..  They  are  generally  made  of  a  mixture  of  flint 
and  plastic  clay,  are  white  or  white  and  brown  in  color,  and  are  graded  as  first  and  second  quality. 
The  first  grade  has  the  higher  fuse  point,  is  softer,  and  of  less  compressive  strength  than  the  second 
grade. 

The  expansion  and  contraction  of  fire  brick  is  dependent  upon  the  relative  proportions 
of  silica  to  alumina,  and  most  of  these  brick  contain  sufficient  alumina  to  show  some  contraction. 

83.  Paving  Brick  or  Blocks. — A  very  hard  ordinary  clay  brick  is  sometimes  referred  to 
and  used  as  a  paving  brick,  but  the  brick  or  blocks  here  described  are  made  from  a  mixture  of 
the  more  siliceous  shales  (a  fine-grained  indurated  clay)  and  fire  clay.  These  are  crushed 
and  screened,  molded  or  cut  to  the  required  size  and  shape,  are  dried,  and  then  burned  for 
from  7  to  10  days  at  a  temperature  from  1500  deg.  F.  to  a  point  of  vitrification,  and  annealed 
or  toughened  by  slow  cooling.  In  this  way,  a  tougher,  denser,  and  stronger  brick  is  made  than 
is  possible  with  ordinary  clay  or  kaolin. 

A  vitrified  block,  larger  than  the  ordinary  brick,  is  made  especially  for  street  paving  and 
is  commonly  referred  to  as  a  brick  paving  block. 

Paving  brick  or  blocks  are  made  with  plane  faces  and  also  with  projections  so  designed  that  there  will  alwajrs 
be  a  space  between  the  faces  of  the  brick  when  laid.  Some  machines  cut  the  brick  with  lugs  on  one  side  and  grooves 
on  the  other,  and  others  repress  the  brick,  forming  lugs,  grooves,  roimded  edges,  etc.,  by  the  die  in  repressing. 

A  No.  1  paving  brick  or  block  should  be  thoroughly  annealed,  tough  and  durable,  regular  in  sise  and  shape,  and 
evenly  burned.  They  should  not  be  smoked  or  fire  flashed,  and  when  broken  should  show  a  dense,  stone-like  body 
free  from  lime,  air-pockets,  cracks,  or  marked  laminations. 

Vitrified  paving  brick  while  primarily  designed  for  street  paving  are  also  used  to  some  extent  in  connection 
with  building,  being  adapted  for  use  for  floors,  for  wainscotings  in  industrial  buildings,  and  even  for  special  decora- 
tive effects. 

34.  Enameled  Brick. — The  body  of  an  enameled  brick  usually  of  fire  clay  is  coated  on  one 
or  two  sides  with  an  opaque  enamel. 

There  are  two  methods  of  applying  enamel.  According  to  one,  the  enamel  is  applied 
directly  to  the  face  of  the  brick ;  and  with  the  other,  the  more  common  method  in  this  country,  a 
transparent  glaze  is  applied  over  a  white  or  colored  "slip,"  the  slip  coming  between  the  glaze 
and  the  face  of  the  brick. 

Enameled  brick  may  be  obtained  in  white  and  a  large  number  of  colors,  and  in  two  surface  finishes — highly 
glazd  and  deuU  or  tatin  guue.     They  are  used  for  face  work  both  for  interior  and  exterior  walls,  esoecially  where 
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refleetion  of  light,  euoh  as  in  Ught  courts  and  shafta,  and  whore  cleanliness  are  prime  considerations.  They  are 
also  used  to  a  considerable  extent  for  facing  tunnels,  engine  and  boiler  rooms,  store  fronts,  etc.,  but  should  never 
be  placed  where  dampness  is  liable  to  attack  them  from  the  back. 

The  term  imaged  and  enameled  are  sometimes  both  used  to  refer  to  the  opaque  enameled  brick.  The  true  glased 
brick,  however,  is  abo  referred  to  as  eaU  glazed, 

36.  Glazed  Brick. — Glazed  brick  are  made  of  a  fire  clay  containing  feldspar,  flint  and  whit- 
ing, and  may  be  obtained  in  various  shades.  They  are  fired  at  a  high  temperature  until  the 
surface  is  coated  with  a  transparent  glass  or  glaze.  In  the  manufacture  of  salt  glazed  brick, 
salt  is  introduced  into  the  kiln  during  the  process  of  burning. 

Bait  glased  brick  are  used  to  a  considerable  extent  for  facing  areas,  garages,  market  houses,  dairies,  domestic 
science  rooms,  wainscotings,  for  face  brick  work,  etc.,  and  being  non-absorbent,  smooth,  and  easily  cleaned,  are 
especially  adapted  wherever  cleanliness  and  sanitary  conditions  are  of  prime  imi>ortance. 

36.  Patented  Interlocking  Brick. — There  have  been  placed  on  the  market  in  recent  years, 
several  types  of  interlocking  brick,  providing  in  walls,  a  series  of  isolated  air  spaces  which  serve 
as  temperature  and  moisture  insulators.  Their  makers  claim  for  them  a  heat  transmission 
ability  of  from  40  to  60%  less  than  frame,  or  25  to  50%  less  than  solid  brick  or  hoUow-tile 
construction. 

No  ties  or  headers  are  necessary  or  used  with  this  brick;  except  at  openings  and  corners,  etc  Plastering 
is  usually  recommended  to  be  applied  directly  to  the  inside  surface,  without  furring,  in  whicn  case  it  is 
necessary  to  exercise  special  care  at  openings  and  use  calking  and  waterproofing.  Tnese  brick  are  either  8  or  12 
in.  wide  and  about  8  X  2>^  in.  on  tne  face  and,  as  laid,  each  brick  represents  the  full  thickness  of  the  wall.  Webs 
made  integral  with  the  brick  hold  the  inner  and  outer  walls  together.  Offsets  on  upper  and  lower  surfaces  hold 
the  bricks  in  alignment,  lasring  in  mortar  being  done  in  various  manners  claimed  to  result  in  a  less  consumption 
than  witn  solid  walls.  The  standard  brick  should  be  laid  in  running  bond.  English,  Flenush,  or  Dutch  bond  may 
be  had  by  using  special  out  briok,  but  the  cost  of  these  is  higher. 


STRUCTURAL  TERRA  COTTA  OR  HOLLOW  BUILDING  TIL£ 

Bt  D.  Knickbrbacker  Botd 

Structural  terra  cotta  is  variously  known  as  hollow  tUe,  hollow  terra  cotta,  hollow  building 
tile,  terra  cotta  tile  or  blocks,  etc.  On  account  of  its  adaptability  to  a  larger  variety  of  uses,  its 
lightness  combined  with  great  transverse  strength,  its  fireproof  quahties,  its  resistance  to  at- 
mospheric conditions,  and  its  general  availability,  it  has  become  a  widely  used  building  material. 
It  is  both  well  adapted  and  largely  used  for  the  construction  of  floor  arches,  roof  slabs,  suspended 
ceilings,  interior  partitions,  light  exterior  walls,  furring,  and  flreproofing  of  steel  and  iron. 

87.  Manufacture. — The  basic  raw  material  of  structural  terra  cotta  is  clay  or  a  mixture 
of  several  clays,  to  which  for  the  more  porous  varieties  is  added  sawdust  or  fine  coal.  The  clay 
after  being  mixed  with  water  is  molded  or  shaped;  usually  by  forcing  the  plastic  mass  through  a 
die,  then  dried  and  burned  at  at  high  temperature  in  a  specially  constructed  kiln. 

As  generally  made,  structural  terra  cotta  is  in  the  form  of  hollow  blocks  with  interior  webs 
or  partitions  dividing  the  block  into  cells.  These  webs  have  the  double  purpose  of  increasing 
the  strength  of  the  product  and  of  keeping  the  blocks  in  shape  during  the  drying  and  burning. 
The  exterior  surface  of  the  blocks,  except  where  intended  to  be  exposed  to  view  are  channeled 
or  grooved  and  in  some  cases  scored  to  afford  a  key  for  plaster  or  stucco. 

88.  SLinds  of  Hollow  THe. — According  to  the  method  of  manufacture  and  composition  of 
the  raw  materials  used,  terra  cotta  is  known  as  dense,  aemi-porous,  and  porous. 

For  exterior  walls  and  bearing  partitions,  the  dense  blocks  are  generally  used.  For  interior  partitions,  furring, 
etc.,  the  porous  and  semi-porous  blocks  are  preferred,  as  the  use  of  dense  blocks  either  necessitates  plugging  the 
walls  to  provide  nailings  for  trim,  or  makes  it  necessary  to  use  porous  blocks  at  the  points  where  nailing  is  to  be 
required.  For  fireproofing  of  columns,  girders,  etc.,  the  porous  or  semi-porous  blocks  give  better  fire  protection 
than  tbe  dense  terra  cotta:  and  for  floor  arches,  dense  blocks  give  greater  strength  but  as  semi-porous  blocks  are 
more  resistive  to  fire,  they  are  generally  preferred  for  this  use. 
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ZSa.  Dense  Terra  Cotta. — Dense  terra  cotta  is  made  from  a  variety  of  clajrs 
or  from  fire  clay  mixed  with  other  clays  and  burned  at  a  temperature  of  2000  to  2500  deg.  F. 
Its  high  crushing  strength  especially  adapts  it  for  use  as  bearing  walls;  and  its  durability,  den- 
sity, and  non-absorptive  qualities  for  use  as  exterior  walls.  For  this  latter  use,  it  may  be 
obtained  with  exposed  surfaces  finished  in  one  way  or  another  in  place  of  the  usual  channeled 
surface  in  connection  with  which  stucco  must  invariably  be  used  if  a  finished  eflfect  is  desired. 

The  dense  tile  are  more  brittle  than  the  porous  or  semi-porous  varieties  and  do  not  afford  as  efficient  fire  pro- 
tection. If  heated  and  suddenly  cooled,  they  are  liable  to  crack  and  to  destroy  the  outer  cells;  and  if  used  tor  fire- 
proofing,  special  care  should  be  taken  to  see  that  they  are  well  burned,  sound,  and  free  from  cracks. 

386.  Semi-porous  Terra  Cotta. — In  the  manufacture  of  semi-porous  terra  cotta, 
the  clay,  usually  fire  clay,  has  about  20  %  of  ground  coal  added  to  it  during  the  process  of 
grinding.  This  coal  aids  in  the  burning  of  the  blocks  and  also  serves  to  make  the  material 
lighter  and  more  porous. 

Semi-porous  terra  cotta  is  a  better  fire  resistive  material  than  the  dense  terra  cotta  and  is  regarded  in  this 
respect  as  the  equal  of  the  more  porous  blocks.  It  is  especially  adapted  for  use  where  considerable  strength  is  re- 
quired to  be  combined  mth  high  fire  resistive  qualities,  as  in  floor  arches. 

38c.  Porous  Terra  Cotta. — Porous  terra  cotta  is  made  by  mixing  from  25  to  35  % 
of  sawdust  with  the  clay.  This  sawdust  is  destroyed  during  the  process  of  burning,  leaving  a 
light  porous  material. 

The  work  of  mixing,  drying,  and  burning  must  be  carefully  and  thoroughly  done,  and  the 
finished  product  should  be  compact  and  tough.  It  should  be  of  such  a  texture  that  it  can  be 
cut  with  a  saw  and  so  that  nails  and  screws  can  be  easily  driven  into  it. 

Porous  terra  cotta  is  an  efficient  non-conductor  of  heat  and,  if  properly  made,  should  effectively  resist  the  ac- 
tions of  fire  and  water.  Poorly  mixed  and  pressed  or  under-burned  tile  are  soft  and  crumbly,' and  ragged  in  appear- 
ance. If  in  the  burning,  all  the  sawdust  has  not  been  consumed,  the  tile  will  duintegrate  under  the  action  of  fire 
and  water.  Porous  tile  is  not  suitable  for  exterior  use  as  it  absorbs  water  freely  and  will  disintegrate  if  directly 
exposed  to  the  action  of  the  elements. 

39.  Sizes  and  Weights  of  Hollow  Tile. — The  following  specification,  the  first  standard  to 
be  formally  introduced  by  the  hollow-tile  industry  was  adopted  for  all  purchases  made  by  the 
government  for  its  war  construction: 

Sizes  and  Weights  op  Tile  Adopted  by  the  Wab  Service  CoMMrrrEE  on  Hollow  Buildinq 

Tile  for  Recommendation  to  War  Industries  Board 


Basing  weight  (pounds) 

Cells 

Standard  weight 

Minimum  weight 

Partition  Tile 

16 
22 

4'X12'X12'' 
6' X  12^X12" 

3 
3 

16 
22 

15 
21 

« 

Back  Up  TUe                                                                                      | 

• 
1 
1 

14 
8 

6'X8'X12'' 
4'X6*X12'' 

•  • 

•  • 

16 
0 

15 
8 

Heavj'  Duty  Tile 

28 
36 
54 

6' X  12^X12* 

8''X12'X12' 

12' X  12' X  12* 

3 
6 
6 

28 
36 

48 

26 
84 
46 

The  number  of  cells  and  weights  shown,  represent  the  average  commercial  practice  and  there  shall  be  no  ob- 
jection to  a  manufacturer  furnishing  a  larger  number  of  cells  or  heavier  tile  to  meet  his  local  conditions.  The 
standard  weights  as  shown  represent  the  average  weight  of  the  tile  to  be  furnished,  but  tile  of  minimum  weight 
as  shown  shall  be  accepted,  it  being  understood  that  tnis  variation  is  necessary  due  to  wear  and  renewal  of  dies. 
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The  basing  wdshta  as  ahown  are  for  use  in  reaching  prices  per  thousand  pieces  on  each  sise  as  shown  in  con- 
nection with  the  tentative  billing  prices;  also  final  prices  when  fixed.  Some  variations  have  been  made  from 
actual  and  average  weight  to  allow  differences  in  cost  of  manufacturing  the  various  sizes  as  determined  by  the 
custom  and  experience  of  the  trade. 

All  tUe  to  be  furnished  under  these  specifications  shall  pass  the  following  test  requirements  for  absorption: 

Not  less  than  three  test  specimens  shall  be  dried  at  a  temperature  of  approximately  212  deg.  F.  until  by  weigh- 
ing and  reweighing  the  weight  remains  constant.  They  shall  then  be  continuously  immersed  in  clear  water  for  a 
period  of  48  hr.  with  only  the  upper  surface  of  the  tile  exposed  to  the  air.  Upon  being  removed  from  the  water 
they  shaD  be  allowed  to  drain  for  a  ]>eriod  of  not  more  than  1  min.  and  the  superficial  water  removed  by  a  towel 
or  similar  means,  and  the  test  specimen  shall  then  be  weighed.  The  absorption  thus  obtained  shall  not  exceed  an 
average  of  10  %  of  the  weight  of  the  tile  when  dried. 

The  tile  to  be  furnished  is  to  be  commercial  tile — that  is,  it  includes  tile  which  are  somewhat  cracked,  warped, 
and  brc^en,  not  affecting  the  usefulness  of  the  tile.     Inspection  is  to  be  made  at  the  factory. 

40.  Tests  of  Hollow  Building  Tile. — The  results  of  a  recent  cooperative  research  of  various 
laboratories  on  hollow  building  tile  conducted  under  the  direction  of  Comm.  C-10  of  the  Am. 
See.  for  Testing  Materials  is  given  in  vol.  15,  1915  of  the  Proceedings.  The  sizes  of  tiles  were 
12  X  12  in.  with  thickness  of  4, 8,  and  12  in.  Their  ceramic  properties  and  strengths  are  defined 
in  a  general  way  by  the  localities  from  which  they  are  selected.  The  tests  were  conducted 
on  tiles  of  different  hardness  and  absorption,  the  degree  of  burning  being  classed  as  low,  medium, 
and  hard.  The  specimens  were  tested  in  three  positions  according  to  standard  requirements  of 
Comm.  C-10,  the  materials  being  selected  from  different  states  between  the  coasts. 

The  following  is  a  brief  summary  of  results  of  tests:  The  tiles  of  clas^  from  Pennsylvania,  Ohio,  and  Illinois 
showed  higher  strengths  as  a  rule  than  materials  from  the  other  states  represented,  the  tests  on  ends  showing  com- 
pressive strengths  varying  from  as  low  as  4000  to  as  high  as  12,000  lb.  per  sq.  in.  net  section  with  a  mean  of  0000 
to  7000  lb.  per  sq.  in.  The  corresponding  strengths  from  other  states  ranged  from  2000  to  7000  lb.  per  sq.  in.  The 
strengths  when  tested  on  edge  or  flat  were  usually  lower,  as  a  rule  H  to  ^  the  strengths  on  end,  this  depending  on 
the  relative  thickness  of  tiles  and  arrangements  of  partitions.  The  values  obtained  from  the  compression  modulus, 
ratio  of  stress  to  strain,  varied  from  2,000,000  to  6,000.000  lb.  per  sq.  in.,  this  also  depending  on  the  preceding 
factors.  Hair  cracks  were  noted  in  some  cases  at  loads  as  low  as  5  to  10%  of  the  strength  in  compression.  As  a 
rule  they  occur  at  loads  M  to  ^  of  the  ultimate  strength. 

The  following  abstract  of  summary  by  Hathcock  of  the  properties  of  tile  from  Ohio  (see 
Tech.  Paper  No.  120  Bureau  of  Standards  1918)  may  be  assumed  to  apply  to  materials  from  the 
different  localities: 

(1)  The  specific  weight  depends  largely  upon  porosity.  (2)  Porosity  depends  on  clays,  percentage  of  sawdust 
used,  pressare  applied  in  molding,  and  degree  of  burning.  (3)  The  color  and  hardness  depends  on  the  time  and 
temperature  of  burning.  (4)  The  unit  deformation  is  usiially  proportioned  to  unit  load  to  failure.  (5)  Elastic 
limit  usually  coincides  with  failure.  (6)  First  cracks  often  occur  at  low  loads.  (7)  Strength  usually  greatest  laid 
on  ends.     (8)  Modulus  usually  proportional  to  compressive  strength. 

41.  Tests  of  Tile  Walls. — Numerous  tests  have  been  made  to  determine  compressive 
strength  of  tiles  in  walls.    For  results  of  tests,  see  Appendix  H. 


CAST  IRON 

By  James  H.  Herron 

42.  Kinds  of  Cast  Iron. — Cast  iron  may  be  considered  of  several  classes,  depending  upon  the 
composition  and  method  of  manufacture.  Falling  within  the  general  term,  there  is  the  so-called 
gray  cast  iron,  semi  steel  and  white  cast  iron;  the  latter  is  subsequently  treated  to  produce  the 
so-called  malleable  iron.  While  the  term  cast  iron  is  not  usually  applied  to  the  white  and  malle- 
able irons,  it  rightfully  should  be  under  the  general  definition  of  this  material. 

48.  Methods  of  Manufacture. — Cast  iron  has  its  source  in  the  blast  furnace  where  the  ore 
is  reduced  to  the  metallic  iron  and  cast  into  pigs,  commonly  known  as  pig  iron,.  This  metallic 
iron  carries  with  it  certain  elements  which  have  a  marked  effect  upon  the  physical  properties 
of  the  material — such,  elements  as  carbon  and  sulphur  which  the  iron  picks  up  from  the  coke 
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with  which  the  ore  is  smelted ;  silicon  which  is  picked  up  from  the  silica  present  in  the  ore  and 
ash  of  the  coke ;  and  manganese  and  phosphoruos  which  are  present  in  the  ore.  All  of  the  above 
elements  have  some  effect  upon  the  physical  properties  of  the  material,  therefore  the  foundry- 
man  is  compelled  to  use  discrimination  in  selecting  his  materials  in  order  to  get  the  properties 
desired.  In  view  of  this  it  is  unwise  for  the  engineer  to  specify  the  chemical  properties  of  the 
cast  iron.  He  should  limit  himself  to  the  physical  properties,  permitting  the  founder  to  supply 
what  best  meets  the  physical  need. 

Caet  iron  may  be  poured  direct  from  the  blast  furnace  or  remelted  from  pig  by  any  one  of  the  following 
methods:  cupola  furnace;  air  furnace;  electric  furnace;  open  hearth  furnace.  Only  foundries  making  a  large 
tonnage  of  castinge,  and  located  adjacent  to  a  blaat  furnace,  can  satisfactorily  use  the  direct  method;  consequently, 
as  a  rule  one  of  the  others  methods  will  be  in  use.  The  cupola  furnace,  using  iron  scrap  and  pig,  is  common 
in  making  gray  iron  castings  and  also  to  some  extent  in  making  small  white  and  malleable  iron  castings.  The 
air  furnace  is  used  to  a  limited  extent  only  in  making  iron  castings  but  is  generally'  used  in  making  white  and 
malleable  iron  castings.  The  electric  furnace  is  used  in  making  both  gray  and  white  (and  malleable)  iron  cast- 
ings, while  the  open  hearth  furnace  is  used  only  in  making  white'and  malleable  castings  where  the  tonnage  is 
large. 

Very  little  iron  for  construction  purposes  will  be  melted  by  any  other  nlethod  than  in  the  cupola  furnace, 
and  while  the  air  and  electric  furnaces  produce  better  products,  the  cost  is  higher  and  they  are  therefore  not  in 
common  use. 

44.  Gray  Iron. — Gray  iron  castings  made  from  gray  iron,  are  usually  known  to  the  trade 
as  ''cast  iron."  Gray  iron  is  defined  by  the  International  Association  for  Testing  Materials 
as  ''Iron  containing  so  much  carbon  that  it  is  not  usefully  malleable  at  any  temperature,  and  is 
restricted  to  cast  iron  in  the  form  of  castings."  Gray  cast  iron,  or  properly  speaking,  gray  iron 
castings  are  produced  as  above  stated,  using  metal  directly  from  the  blast  furnace  or  pig  iron, 
the  produce  of  the  blast  furnace,  and  scrap  melted  in  the  cupola,  air  or  electric  furnace. 

Gray  cast  iron  always  contains  an  important  percentage  of  carbon,  ranging  from  3  to  4%, 
and  an  important  percentage  of  silicon.  The  carbon  persent  in  gray  iron  is  in  two  forms,  called 
graphitic  carbon  and  combined  carbon,  and  the  material  is  hard  or  soft  depending  upon  the 
proportion  of  these  two  forms  of  carbon.  In  other  words,  the  castings  are  hard  when  the  com- 
bined carbon  is  high,  and  soft  when  the  graphitic  carbon  is  high.  The  combined  carbon  is  in 
the  form  of  a  carbide  of  iron  and  adds  to  the  strength  and  hardness  of  the  material.  The 
graphitic  carbon  is  graphite  in  the  form  of  thin  flakes,  leaving  a  net  work  or  regular  skeleton 
of  the  alloy  surrounding  it. 

In  general  gray  iron  may  be  considered  a  mass  consisting  of  particles  of  graphite  surrounded 
by  a  matrix  of  metallic  alloy.  The  strength  of  iron  is  greatly  affected  by  the  condition  of  the 
carbon.  The  crystals  at  the  graphite  are  brittle  and  show  decided  cleavages,  hence  they  cannot 
be  a  factor  in  the  strength  of  the  iron.  Thus  by  breaking  up  the  continuity  of  the  matrix  the 
graphite  causes  weakness  which  will  vary  directly  with  the  quantity. 

The  silicon  plays  an  important  part  in  the  physical  properties  of  gray  iron,  not  directly,  but  in  its  effect  on 
the  condition  of  the  carbon.  The  higher  the  silicon,  the  greater  the  amount  of  graphitic  carbon,  hence  the  leas 
the  amount  of  the  combined  carbon,  and  the  softer  the  iron.  The  foundryman  therefore  regulates  the  physical 
properties  of  his  material  in  regulating  the  amount  of  silicon  by  the  proper  mixing  of  his  different  irons. 

Sulphur  has  the  opposite  effect  of  silicon  and  tends  to  harden  the  iron  by  increasing  the  combined  carbon. 
Thus,  sulphur  is  to  be  avoided  in  soft  irons  and  only  plays  an  important  part  in  the  so-called  chilled  irons,  as 
in  car  wheels  and  like  products  where  the  surface  is  rendered  hard. 

Manganese  tends  to  harden  the  iron  and  to  offset  the  effect  of  the  sulphur.  It  is  sometimes  referred  to  as  a 
vdl  for  the  sulphur  so  that  when  high  sulphur  iron  only  is  available  some  increase  in  the  manganese  will  offset 
the  difficulty  to  be  expected  with  high  sulphur. 

Phosphorous  in  cast  iron  is  not  detrimental  in  percentages  varying  from  0.30  to  0.50%.  Where  great  fluidity 
is  required,  the  amount  may  be  as  high  as  1.00%. 

The  above  discussion  of  the  effect  of  the  chemical  constituents  upon  the  physical  properties  of  gray  iron  is 
not  given  with  a  view  of  encouraging  the  engineer  to  write  his  own  chemical  specifications  fbr  what  he  thinks 
desirable,  but  to  endeavor  to  show  him  the  futility  of  such  effort.  The  chemical  constituents  of  gray  iron  should 
be  determined  by  the  foundry  metallurgist  and  the  engineer  should  only  specify  the  phyucal  properties  he  desires. 

The  physical  properties  of  gray  iron  vary  between  somewhat  wide  limits  depending  upon  the  sise  and 
dimensions  of  the  casting.  The  American  Society  for  Testing  Materials  publishes  a  flexible  specification  which 
gives  the  physical  properties  to  be  expected  in  different  casting  thicknesses.  This  specification  is  perfectly 
rational  and  can  be  met  by  any  foundryman  without  imposing  upon  him  an  undue  burden.    It  is  therefore 
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wise  to  follow  these  speoificfttiona,  care  being  taken  that  the  one  of  the  latest  revision  be  used.    These  speeifioa^ 
tions  are  changed  from  time  to  time  as  the  art  improves. 

Gray  iron  possesses  comparatively  little  strength  in  tension  and  no  ductility.  This  therefore  renders  the  use 
of  gray  iron  castings  in  tension  uncertain  and  they  should. not  be  so  used  unless  the  load  is  static  and  unit  stress 
is  low.  Qray  iron  possesses  its  greatest  value  in  compression  where  the  ultimate  strength  is  about  four  times 
that  in  tension.  For  construction  purposes  it  is  therefore  wise  to  consider  gray  iron  only  in  compression.  It 
should  be  used  for  column  bases,  floor  plates,  columns  under  some  conditions,  etc. 

46.  Semi  Steel. — Semi  steel,  so  called,  is  subject  to  the  same  discussion  as  in  the  case  of 
gray  iron,  and  is  made  by  adding  steel  scrap  to  gray  iron  mixtures  in  the  melting  furnace. 

Semi  steel  is  supposed  to  be  stronger  than  gray  iron  but  unless  care  is  taken  and  the  foundry- 
man  thoroughly  understands  the  manufacture  of  semi  steel,  there  is  great  question  whether  there 
are  any  beneficial  results.  The  usual  additions  of  steel  scrap  vary  from  10  to  25  %,  and  the 
strength  increases  with  added  amounts  up  to  about  30  %,  above  which  the  strength  tends  to 
fall  off.  Semi  steel  may  be  used  where  greater  strength's  desired  than  can  be  realized  from 
gray  ]K>n  and  the  same  character  of  applied  stress  should  govern. 

46.  White  Iron. — ^White  cast  iron  is  used  only  in  cases  where  a  chilled  surface  is  required 
to  resist  abrasion,  but  when  there  is  no  tensile  stress  or  shock.  In  white  iron  the  carbon  is  all 
in  the  combined  form,  therefore  it  cannot  be  machined  except  by  grinding.     Inserts  of  white  iron 

^re  are  sometimes  used  when  there  is  sliding  contact. 

47.  Malleable  Cast  Iron. — Malleable  cast  iron,  which  is  commercially  known  as  malleable 
iron,  is  defined  by  the  International  Association  for  Testing  Materials  as  ''Iron  which  is  first 
cast  iron  and  later  made  malleable  without  remelting. "  Malleable  cast  iron  is  first  cast  in 
white  iron  using  the  air,  cupola,  electric  or  open  hearth  furnace.  Small  castings  are  frequently 
produced  by  cupola  melting  but  the  majority  of  all  castings  are  produced  in  the  air  furnace. 
After  casting  as  white  iron  (all  of  the  carbon  in  the  combined  form),  the  castings  are  inspected, 
after  which  they  are  packed  in  boxes  with  an  odixizing  agent,  in  which  they  are  heated  for  a 
period  of  from  6  to  7  days.  In  this  treatment  known  as  annealing,  the  combined  carbon  is 
changed  to  the  form  of  graphito,  known  as  temper  carbon.  At  the  same  time  the  outside  surface 
is  decarbonized  by  the  action  of  the  ozidizing  agent.  The  form  of  the  graphitic  carbon  varies 
from  that  of  gray  iron  inasmuch  as  the  gray  iron  is  in  the  form  of  flakes  and  therefore  occupies 
the  greater  part  of  the  cross  sectional  area,  while  in  malleable  iron  it  is  in  the  form  of  nodules 
occupying  a  lesser  amount  of  the  cross  sectional  area,  leaving  a  greater  percentage  of  the  matrix 
effective.     Since  the  carbon  is  practically  all  graphitic,  the  matrix  is  soft  and  ductile. 

The  use  of  maUeable  iron  is  constantly  growing  and  at  some  future  day  will  find  an  extended  use  in  con- 
struction work.  It  is  now  used  principally  for  hardware,  concrete  inserts,  hanger  straps,  etc.  It  can  be  used  in 
tension  to  some  extent  and  for  transverse  loading.  In  compression  malleable  iron  has  no  advantage  over  gray 
iron  and  is  more  expensive. 

Malleable  oast  iron  in  tension  has  a  value  from  40,000  to  60,000  lb.  per  sq.  in.  and  an  elongation  of  from  7 
to  15  %. 

Speeifieations  for  malleable  iron  of  the  American  Society  for  Testing  Materials  should  be  used  when 
malleable  oastings  are  desired. 


48.  Design  of  Castings. — Care  should  be  taken  in  the  design  of  castings  for  whatever  pur- 
poses intended,  and  sharp  corners  and  angles  should  be  avoided,  using  well  rounded  corners  and 
large  fillets.  This  is  desirable  owing  to  the  fact  that  in  all  metals,  upon  solidifying,  the  crystals 
grow  at  right  angles  to  the  surface.  This  causes  weakness  along  a  line  bisecting  the  angle 
of  the  surfaces,  along  which  failures  may  occur. 

The  section  of  ribs,  etc.  should  be  kept  as  nearly  uniform  as  possible.  A  large  section  immediately  adjacent 
to  a  light  section  is  apt  to  cause  difficulty  and  internal  troubles.  The  engineer  should  exercise  great  care  and 
judgment  in  the  design  of  castings  for  any  purpose  whatever,  since  a  little  judgment  shown  at  such  a  time  will 
avoid  failure  which  might  be  destructive  to  both  life  and  property. 

The  defects  in  castings  of  all  kinds  are:  (1)  blow  holes  which  occur  near  the  surface  and  are  usually  indicated 
by  surface  porosity;  (2)  contraction  cavities  which  are  usually  found  below  the  surface  at  the  intersection  of 
large  and  small  sections  (usually  referred  to  by  the  foundrymen  as  shrink  holes);  and  (3)  scabs,  which  are 
purely  surface  defects,  and  as  a  rule  cause  no  trouble  except  where  it  is  desired  to  make  connection  with  some 
other  member  without  machining. 
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WROUGHT    IRON 

Bt  Jambs  H.  Herron 

49.  Wrought  Iron  Defined. — Wrought  iron  is  defined  by  the  International  Association  for 
Testing  Materials  as  "  Malleable  iron  which  is  aggregated  from  pasty  particles  without  subse- 
quent fusion  and  contains  so  little  carbon  that  it  does  not  harden  usefully  when  cooled  rapidly." 

60.  Method  of  Manufacture. — Wrought  iron  is  manufactured  by  the  process  of  puddling, 
— ^.  e.j  melting  in  a  furnace  from  pig  iron  and  ore  and  constantly  stirred  until  practically  all  the 
carbon  and  other  impurities  are  burned  out.  This  leaves  the  iron  in  a  plastic  condition,  satu- 
rated with  slag.  The  material  is  gathered  into  aplastic  lump  and  put  in  a  "squeezer''  where  much 
of  the  slag  is  squeezed  out.  The  remaining  material  is  then  rolled  into  billets  known  as  "  Muck 
Bars. "  Subsequent  rollings  refine  the  material  by  further  eliminating  the  slag  and  it  is  called 
single  and  double  refined  iron,  depending  upon  the  number  of  times  rolled. 

61.  Structure  of  Wrought  Iron. — The  structure  of  wrought  iron  is  commonly  called  fibrous 
due  to  the  presence  of  a  considerable  amount  of  slag.  This  slag  is  found  in  alternate  layers 
with  the  iron,  which  gives  the  appearance  of  fibers  and  which  is  referred  to  at  times  as  "woody. " 
The  layers  of  slag  serve  as  a  protecting  covering  for  the  alternate  layers  of  iron,  thereby  render- 
ing the  material  somewhat  immune  to  corrosive  conditions.  The  carbon  content  is  usually 
under  0. 15  %,  with  the  manganese  under  0.3(X%. 

62.  Physical  Properties. — The  physical  properties  of  wrought  iron  are  fairly  constant; 
the  tensile  strength  from  50,000  to  60,000  lb.  per  sq.  in.,  with  the  elastic  limit  from  one-half 
to  three-fifths  of  the  tensile  strength.  Both  the  elongation  and  reduction  of  area  are  high, 
denoting  excellent  fatigue  resisting  properties. 

63.  Uses  of  Wrought  Iron. — The  greatest  value  of  wrought  iron  is  in  its  ability  to  resist 
corrosion  and  is  in  consequence  used  for  sheets,  both  plain  and  corrugated,  metal  lath,  pipe,  etc. 
Practically  no  wrought  iron  is  now  used  for  structural  shapes.  Probably  the  most  important 
use  of  wrought  iron  is  in  pipe  where  its  resistance  to  corrosion  results  in  long  life  and  good  serv- 
ice. Wrought  iron  can  be  identified  by  the  surface  appearance  of  small  hairline  checks  w^hich 
lepresent  the  slag. 

Wrought  iron  should  be  purchased  under  the  specifications  of  the  American  Society  for 
Testing  Materials. 

64.  Ingot  Iron  and  Copper  Bearing  Metal. — In  the  same  general  class  with  wrought  iron 
in  its  resistance  to  corrosion,  are  the  so-called  ingot  iron  and  copper  bearing  metal. 

Ingot  iron  is  made  in  the  open  hearth  furnace,  eliminating  as  far  as  possible  the  impurities 
usually  found  in  steel,  thereby  obtaining  as  pure  a  product  as  possible.  It  is  then  cast  in  ingots 
and  rolled  into  the  form  required.  Owing  to  certain  properties  of  this  material  it  is  hard  to 
handle  in  forging  operation,  therefore  any  forgings  required  should  be  carefully  made. 

The  value  of  this  material  lies  largely  in  its  capacity  to  resist  corrosion  due  to  the  low  peroentage  of  im- 
purities, and  it  is  furnished  in  sheets  both  black  and  galvanised.  There  are  no  specifications  under  which  this 
material  is  furnished.    It  is  usually  supplied  under  various  trade  names. 

Copper  bearing  steel  takes  its  name  from  a  small  percentage  of  copper,  from  0.30  to  0.60%.  This  contrib- 
utes to  its  capacity  to  resist  corrosion,  probably  by  alloying  with  the  iron.  The  other  constituents  are  as  low 
as  is  practical.    This  material  is  used  for  sheets  for  sheathing,  metal  lath,  etc. 

STEEL 

By  James  H.  Herron 

66.  In  General. — Chemically,  steel  may  be  defined  as  an  alloy  of  iron-carbon  and  other 
elements  being  present  in  varying  amounts  depending  upon  the  properties  desired.  Where  the 
steel  is  composed  of  an  alloy  of  iron  and  carbon  with  other  elements  in  small  quantities,  it  is 
customary  to  refer  to  such  material  as  carbon  steel.  Where  small  quantities  of  other  elements 
(such  as  nickel,  chromium,  vanadium,  etc.)  are  present  in  addition  to  the  iron  and  carbon,  it  is 
customary  to  refer  to  the  material  as  alloy  steel. 
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Of  the  elements  entering  into  the  composition  of  steel,  some  areof  value,  while  others  are  a 
detriment.  The  value  of  the  steel  is  detennined  lai^ely  by  these  elements.  Not  only  should 
their  presence  be  considered,  but  the  amount  of  each  should  be  accurately  determined.  They 
will  be  taken  up  in  the  order  in  which  they  are  usually  regarded. 

Carbon. — The  fUicavl  influenm  of  eubon  on  iMal  i*  greater  l«n»dtr.  It  ska  rende™  tha  itecl  lurder  ud 
■tifler.  The  tewilB  stnacth  in  iacnued  about  SOO  to  800  lb.  per  >q.  >n.  for  aBoli  sdditianal  point  of  oubon,  while 
the  duBlillty  !•  decnHod  about  0.5  %  for  euh  additional  point  of  narbou  (tee  Fli,  1).  Bt«el  with  0.20%  carbon 
besifii  to  show  i^prseiabla  hArdeniuc  whan  eooled  quiokly,  but  dota  not  ihoT  efideaoe  of  brittlanne  in  the  normal 
atatc,  until  the  eubon  has  reached  approximately  0.70  %. 

JfofsraneH— Maosanne  adds  to  the  touihoa*  of  ateel  and  InereaH  the  teniila  (trength  br  about  100  lb.  p«r 
>q.  in.  for  each  additional  point.  The  ductihty  ia  deoreaaad  with  the  addition  of  manganeHe.  For  medium  gteel 
the  mancaneae  ii  rtrj  aatiafaotorr  at  from  0.40  to  O.BO  a.  Higher  or  lower  manganoe  may  be  epadRed  for  speciiil 
purpoeea.  Bteel  with  maogiuitse  between  2  and  S^  ahoold  bearoided,  due  toinoreaaed  hardnm  and  ■  tendency 
to  brittlenan,  while  ateel  of  over  S%  maugancM,  known  u  mmgantai  tttO,  haa  oettain  definite  properti«  of 
toughncaa  and  atrength. 

Photrhnriu. — Ffaoaphorua  renden  ateel  oold  ghort,  or  brittle.  It  ia  therefore  to  be  avcndHl  as  much  as  poasibla. 
The  lower  tha  pboapborua  content,  the  better.     Steel  should  be  specified  with  phnphorui  not  to  eineed  0.04  %, 

SatphuT. — Bulphur  haa  a  tendency  to  reader  tbe  steet  hot  short,  and  ii  therefore  to  be  avoided  in  any  steel  that 
is  to  be  forged,  or  otherwiae  worked  hot.  The  sulphur,  for  good  reaulta,  should  not  eieeed  0.0(1%.  It  ia  much 
batter  to  keep  the  sulphur  below  0.04%. 

SUicon. — Klicon  is  Keneially  supposed  to  render  (tee)  cold  short.  High  lilicon  should  be  avoided  in  ateel  for 
general  purpoa«,  and  ahould  not  eieeed  0.20%  aieept  in  caatings. 

Nickel. — Nickel  in  steel  haa  a  strengthening  effaot  or  tends  to  increase  tbe  value  itatiealiy  over  the  range  above 

Wbere  the  nickel  content  is  3.S0  %  (much  of  such  steel  M  t 

is  used)  and  [n  tha  annealed  condition,  tta  presence      1^  UF 

tenda  to  increase  the  ehistia  limit  from  26  to  60%,      ^  ■= 

dependina  upon  the  amount  of  oarbon  pnwmt.  .  C  r 

Chrfnium. — Chromium  in  steel  tends  to  make  it      fi 
intensely  hard  and  give  it  a  high  elastic  limit  in  the      ^ 
hardaned  or  suddenly  cooled  state  so  that  it  is  neither      £ 
deformed    pvmsaeatty  nor  cracked    by  eitrsmely 
Tiolent  shoeka.     It  is  stated  that  the  hardi 
parted  by  chromium  in  steel  is  not  aeoompanl 
much  brittlencae  aa  that  induoed  by  oarbon. 

H.  Methods  of  Manufacture. — Steel  is 
manufactured  by  one  of  several  methods  of 

,..,,•„.  .  .       ,  f  lo.  i. — cneci  oi  csroon  upon  tne 

which  tbe  following  are  important:  of  carbon  ateel. 
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Fio.  I.— Effect  of 
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wae  patented  by  Sir  Henr] 

larity  of  steel  perhaps  mop 

than  any  D 

tbe  iron  in  the  molten  torn 

.either  din 

mass,  thereby  oddiriog  t 

fluid  oondition  until  conve. 

rnon  i>  oom 

!M  form  from  tha  inventor  of  the  procesa  by  which  it  is  made.  T 
I  ISSG.  and  doe  to  the  low  cost  of  manufacture,  haa  contributed  tc 
Jier  one  factor.  The  converter  which  is  used  is  a  pot  shaped  veaat 
»  from  the  blast  furnace  or  Irom  a  cupola.     Air  is  blown  through 


implete.  Owing  to  the  inability  of  thia  method  to  materially  reduce  the  phoaphi^ 
rua  or  sulphnr,  two  harmful  elements,  and  lose  due  to  some  Oxidation  of  the  Iron  itself,  it  is  rapidly  being  replaced 
by  other  methods  whioh  are  more  flexible.     Bessemer  steel  may  be  idantJSed  by  the  high  aulphur  and  phosphorus 

Opea  HBorih. — Open  hearth  ateel  tak^  ita  name  form  the  character  of  the  furnace  in  which  it  la  manofaetured. 
This  is  s  fumsee  of  the  regenerative  type  originally  introduced  by  Sir  Wm.  Siemens.  The  metal  is  melted  on  the 
hearth  of  the  furnace,  tbe  hot  gssee  paseing  over  the  surface,  the  beat  beinj;  absorbed  through  the  top  of  the 
bath.  By  a  proper  use  of  slags,  pboaphorus  and  sulphur  can  be  reduced  to  any  reasonable  extent.  Other  condi- 
tions can  be  eoutroUed  at  will.  This  method  is  therefore  much  in  favor  and  the  bulk  of  the  steel  for  structural  ma- 
terial is  now  made  by  this  process. 

EUctric. — Some  steel  is  now  made  in  tha  electric  fumsoe  and  is  known  as  tUctrlt:  ifeeZ.  Tbe  steel  is  melted  from 
c<rid  materials  and  itu  such  ie  known  as  A>Jd  nufl  tUetrit;  in  eonnectiou  with  the  open  hearth  is  known  as  duptxB 
tUctrie;  or  with  the  Beaaemer  and  open  hearth  ia  known  aa  triptax  tUetric.  Meotric  steel  ia  largely  alloy  ateel  and 
has  little  use  tn  buUdiog  construction  unless  a  higbstrength  is  required. 

ST.  Carbon  Steel. — Carbon  steel  is  defined  by  the  International  Association  for  Testing 
Materials  as  "Steel  which  owes  ila  distinctive  properties  chiefly  to  the  carbon  as  distinguished 
from  the  other  elements  which  it  contains."  It  also  can  be  defined  as  an  alloy  of  iron,  and  car- 
bon varying  from  0.10  to  2.25%. 

A  lai^e  part  of  the  steel  used  for  building  construction  is  of  this  class  and  may  be  classified 
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as  soft,  medium  and  hard.  Soft  steel  is  tliat  with  a  carbon  content  of  0.25  %  or  under,  medium 
steel  is  that  of  a  carbon  content  from  0.25  to  0.50  %;  and  hard  steel  is  that  with  a  carbon  con- 
tent exceeding  0.50%.  Little  steel  with  a  carbon  content  exceeding  0.70  %  is  used  in  building 
construction  since  steels  in  the  higher  range  of  carbon  are  known  as  brittle  and  would  have 
little  use  in  an  untreated  condition.  Springs  and  steels  for  metal  and  wood  working  tools  fall 
in  this  class. 

Since  the  greater  part  of  the  steel  used  for  building  construction  is  carbon  steel,  the  char- 
acter of  each  kind  should  be  carefully  considered  for  different  purposes. 

Beasemer  steel  is  used  for  little  except  rails,  struotural  steel  for  buildings  and  ooncrete  reinforcement  bars,  and 
much  discrimination  should  be  shown  in  regard  to  whether  it  should  be  used  for  any  of  these  purposes.  The  high 
phosphorus  present  renders  its  iise  inadvisable  when  there  is  a  condition  of  dynamic  loading,  so  that  instructures 
subject  to  heavy  live  load  conditions,  it  should  not  be  considered.  The  specifications  of  the  American  Society  for 
Testing  Materials  provide  for  structural  steel  for  buildings^  for  both  Bessemer  and  open  hearth  steel  The  engineer 
should  therefore  be  careful  in  making  his  selection  to  meet  the  need. 

The  use  of  open  hearth  steel  shotdd  be  encouraged.  Its  use  is  constantly  increasing  and  the  prediction  is 
freely  made  that  in  the  course  of  a  few  years  it  will  entirely  replace  Bessemer  steel  except  for  a  few  speeialised  uses. 
By  far  the  greater  part  of  the  specifications  of  the  American  Society  for  Testing  Materials  as  now  written  call  for 
open  hearth  steel. 

68.  Alloy  Stjeel. — Alloy  steel  is  defined  by  the  International  Association  for  Testing  Mate- 
rials as  ''Steel  which  owes  its  distinctive  properties  chiefly  to  some  element  or  elements  other 
than  carbon  or  jointly  to  such  other  element  and  carbon.^' 

The  simplest  class  of  alloy  steel  is  that  having  one  alloying  element  in  addition  to  iron  and 
carbon.     The  best  known  of  these  steels  are  nickel  steel,  chromium  ateel,  and  manganese  steeL 

Nickel  steel  has  the  most  extensive  use  of  all  alloy  steels  for  any  purpose  whatever.  It  is  the  general  prediction 
that  ultimately  nickel  structural  steel  will  be  used  in  practically  all  important  structures.  The  strength  of  nickel 
steel  is  about  25  %  higher  than  carbon  steel  for  the  same  elongation  and  for  the  same  purpose.  Some  use  has 
already  been  made  of  nickel  steel  for  structures  and  should  be  considered  where  physical  conditions  may  limit  the 
sise  of  the  members.  Nickel  steel  is  used  in  the  normal  (rolled)  condition.  The  properties  are  considerably 
improved  by  heating  treatment. 

Chromium  steel  is  used  when  extreme  hardness  is  required.  For  such  members  as  bearing  plates  that  must 
resbt  crushing  or  wear  or  similar  service,  this  material  can  be  satisfactorily  used.  Chromium  steel  can  be 
machined  when  annealed,  but  must  be  treated  to  be  effective  in  use. 

Manganese  steel  is  a  casting  alloy  possessing  great  resistance  to  abrasion  and  is  used  when  a  casting  will 
apply.  It  cannot  be  finished  except  by  grinding  so  cannot  be  used  where  other  machining  is  necessary.  It  has 
found  a  use  for  switches  and  frog  points,  steam  shovel  bucket  points  and  the  lips  of  grab  buckets.  Its  use  is  growing 
and  the  future  will  see  a  greatly  extended  use  of  this  material. 

The  more  highly  developed  alloy  steels  of  the  quarternary  group  have  little  application  to 
building  construction.  Among  these  steels  are  the  chrome-nickel,  ckrome-vanadium,  silico- 
manganese  and  others  carrying  tungsten,  molybdenum  and  cobalt.  Consideration  of  these  steels 
with  their  properties  as  affected  by  treatment,  would  be  beyond  the  scope  of  this  work. 

If  the  reader  feels  sufficiently  interested  in  the  subject,  it  would  be  well  to  procure  some 
well  known  book  on  the  subject,  and  study  the  same  carefully,  if  to  promote  nothing  more  than 
an  appreciation  of  this  exceedingly  important  and  far  reaching  subject. 

69.  Steel  Castings. — For  building  construction,  practically  all  steel  castings  are  of  carbon 
steel.  This  is  usually  of  the  medium  grade  (0.25  to  0.50%)  along  the  lower  carbon  range. 
While  steel  castings  may  be  used  in  tension,  such  use  is  f rought  with  some  danger  and  it  is  fare 
to  consider  such  for  compression  or  transverse  loading  only — ^the  latter  when  the  probability 
of  contraction  cavities  will  occur  near  the  neutral  axis  or  on  the  compression  side. 

The  specifications  of  the  American  Society  for  Testing  Materials  should  be  used  when  steel 
castings  are  to  be  used. 

The  same  imperfections  that  are  found  in  iron  castings  are  common  to  steel  castings  but 
in  a  more  pronounced  degree. 

60.  Rolled  Shapes. — Rolled  shapes — ^viz.,  beams,  channels,  angles,  plates  and  bars — 
comprise  the  large  part  of  steel  used  in  building  construction.  This  in  a  great  measure  is 
carbon  steel  of  the  soft  and  medium  grades.  The  handbooks  of  the  various  steel  manufac- 
turers give  full  tables  of  the  properties  of  the  various  sections  rolled,  also  table  of  safe  loads  for 
>  See  Appendix  C. 
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diSerent  claasee  of  loading.  Theee  tables  uee  a  factor  of  four,  or  a  unit  stress  of  16,000  lb.  The 
discriminatiDg  designer  will  conHtder  the  elastic  limit  rather  than  the  ultimate  strength  and 
select  an  allowable  unit  stress  that  will  be  sufficient  to  cover  the  needs.  It  is  manifestly  neces- 
sary to  allow  a  less  unit  stress  where  the  conditions  of  loading  are  dynamicthan  where  static. 
The  specifications  of  the  American  Society  for  Testing  Materials  given  in  Appendix — for  struc- 
tural Steel  should  be  used. 

01.  Forgings. — When  rolled  shapes  are  not  STailable  forgings  can  be  made  to  suit  the  need 
and  should  be  annealed  before  used  to  relieve  the  strain  set  up  in  the  hammering  operation. 
The  specifications  of  the  American  Society  for  Testing  Materials  for  forgings  and  annealing 
should  be  used. 

62.  Uniform  Specifications, — Uniform  specifications  have  been  realised  in  recent  years 
through  the  etforia  of  the  American  Society  for  Testing  Materials.  The  specifications  of 
this  Society  should  be  used  in  every  case  where  they  apply.  Time  will  be  saved  in  drawing 
up  general  specifications  by  using  the  name,  serial  designation  and  latest  revision  of  the  partic- 
ular specifications. 

63.  Biaroipstion  of  Sbuctural  Steel. — In  the  examination  of  structural  steel,  the  following 
flaws  should  be  guarded  against: 

■e  in  tho  ahured  or  s&ved  end  o[  the  Mctioa.     Od 


dicata 

th«  top  of  the  iniot.  Tfau  latAa 
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v«ry  apt  to  be  pnseat, 

Bokbt  need  wry  little  i 

tion    And    Are     euily     detoct«d. 

They  mrs  not  «  ducoroiu  defect 

Rg.a.-C™..«-     but  often  interfere  with  fubrientioB 

tion     of     etnicluml    ""^     prerent     the     worlimknliko 

preued    iteel    beem    Bniih  deured.     Scabs  ue  the  re- 

j    (ult  of  apUihei  on  the  aide  of  the  . 

'wo^.  "Old  < 


•tand^    elcuctunl    ■•"»  "  ■P'«fnei  o"  "-e  aioe  o.  ™  ^^  8A,-Melhod  ol 


Rooka  are  often  mietakoilforBcabaaa  they  drftv  out  In  the  proeeee  of  rolllnc.  They  are  the  reault  ol  tranaTerae 
craakefarraedby  too  heavy  leduetioD  in  the  eulyatacea  of  rolling.  They  may  be  very  deep  and  dancerouB  lo  ahould 
be  carefully  ditcarded. 

Lapa  formed  by  rolling,  aa  aTBr--fill  from  the  previoua  paaa,  are  not  leDontly  dangerous  unlem  they  are  unuaually 
deep.  Sewna  result  from  the  drawinc  out  of  turfase  btov  holea  or  other  minor  defects.  They  are  not  dangerous 
where  the  material  ii  not  to  be  forged  or  heat  treated,  but  tbey,  like  laps,  are  uBsishtly  and  prevent  workmanlike 
finish. 

Guide  marks  and  roll  actatchee  are  often  taken  for  laps  or  Beams.  A  bending  test  or  pickling  will  generally 
reveal  the  true  nature  of  such  a  defect. 

61.  Steel  Lumber  or  Structural  Pressed  Steel. — Steel  lumber  is  a  term  applied  to  pressed 
steel  beams  and  channels  des^ned  to  take  the  place  of  wood  joists  and  studs  in  building  con- 
struction. The  word  ited.  lumber  is  more  or  less  of  a  trade  nameeince  practically  the  same  ma- 
terial is  made  under  the  general  term  of  atratiurid  preited  steel. 

Structural  pressed  st«el  is  formed  from  rolled  sheets  into  channel  sectionswith  theoutsidc 
edge  of  the  fiange  turned  toward  the  inside  and  parallel  to  the  web  (see  Figs.  2  and  2A). 
The  value  of  this  form  is  to  stifFen  the  outside  of  the  flange  on  the  compression  side.  The  web 
and  flanges  are  uniform  in  thickness  and  structure,  having  been  rolled  aa  a  sheet.  To  produce 
B  beam,  two  channel  sections  are  placed  back  to  back  and  either  riveted  or  spot  welded,  thus 
having  twice  the  carrying  capacity  of  the  channel  and  something  over  twice  the  lateral  stifi'ness. 
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The  transverse  strength  is  less  per  unit  of  weight  than  in  a  standard  beam  of  the  same  depth 
since  the  flanges  are  thin  in  proportion  to  the  web. 

The  superiority  of  structural  pressed  steel  is  supposed  to  lie  in  its  ability  to  lighten  the  con- 
struction over  the  r^^lar  standard  rolled  section  and  at  the  same  time  possesses  the  fire  proof 
features  lacking  in  wood  members. 

Structural  pressed  steel  is  made  in  sectioxis  up  to  12  in.  in  depth,  the  thickness  of  the  sheet 
from  which  they  are  made  being  proportional  to  the  size  of  the  member.  Special  shapes  can 
be  made  at  little  additional  cost. 

In  using  thiB  material  in  design,  the  same  general  rules  apply  as  in  the  ease  of  standard  struotural  shapes. 
Tables  of  properties  and  safe  loads  are  furnished  by  the  manufacturers.  Structural  pressed  steel  can  be  used 
in  connection  with  standard  struotural  shapes,  connecting  with  hangers,  angles,  or  supported  on  top  of  them 
and  held  with  a  dip.  This  renders  the  application  in  the  field  a  simple  matter.  The  pressed  sections  may  be 
built  into  the  wall,  or  into  reinforced  concrete  girders. 

The  studding  is  in  channel  form  and  can  be  applied  either  on  the  top  of  the  floor  using  a  channel  or  angle 
base  or  track,  or  on  the  joists  directly,  with  the  joists  above  carried  upon  the  studs. 

The  metal  lath  used  for  floor  reinforcement,  oeiling  or  side  wall  construction  is  clipped  to  the  pressed  steel 
members.    The  prongs  for  clipiiing  are  out  from  the  flanges  of  the  joists  or  studs. 

The  ease  of  making  the  connections  in  structural  pressed  steel  with  little  field  work  commends  its  use 
where  great  strength  is  not  required.  It  probably  can  be  erected  at  little  greater  cost  than  wood  joists  and 
studs.    Each  particular  application  should  be  studied  to  avoid  trouble. 

The  introduction  of  structural  pressed  steel  has  raised  some  questions  which  might  bo  stated  briefly  as 
follows:  (l)  The  use  of  a  thin  floor  which  shows  a  tendency  to  crack  where  the  joists  are  long  span,  due  to 
both  defection  of  joists  and  slab;  (2)  thin  plastered  covering  of  wall  and  oeiling,  possibly  too  thin  to  protect 
members  from  effect  of  heat  in  case  of  fire;  (3)  thin  section  of  members,  offering  little  resistance  to  corrosion 
under  damp  or  oorroeive  conditions. 


LIME,  UMB  PLASTER,  AND  LIME  MORTAR 
By  D.  Knick£rback£r  Botd 

65.  Quick  Lime  and  Its  Manufacture. — Lime,  or  mason^s  lime,  is  a  product  resulting  from 
the  burning  of  limestone.  This  stone  is  found  in  nearly  every  state  in  the  union  and  in  two 
distinct  types — one  containing  up  to  98  %  calcium  carbonate  with  little  or  no  magnesium,  and 
the  other  containing  magnesium  in  quantities  ranging  as  high  as  84  parts  to  100  parts  of  calcium 
carbonate.     A  limestone  containing  over  25  %  magnesium  carbonate  is  known  as  "dolomitic." 

The  lime  resulting  from  the  burning  of  these  limestones  is  known  either  as  "calcium"  or 
^'high-calcium  lime"  or  as  "magnesium"  or  "dolomitic  lime."  Although  each  requires  a  diff- 
erent proportion  of  sand  or  other  ingredients,  and  varying  claims  are  made  as  to  qualities  of 
plasticity  or  workability,  all  are  equally  suitable  for  general  building  purposes.  In  the  case  of 
finishing  coats  for  plaster  work,  however,  preference  is  given  to  that  lime  which  works  the  most 
easily  under  the  finishing  trowel. 

Limestone  may  be  considered  as  composed  of  calcium  oxide  (CaO)  and  carbon  dioxide  (COa) 
— ^these  constituents  forming,  when  combined,  calcium  carbonate  (CaCOs)  which  is  the  form  in 
which  raw  limestone  is  found.  A  chemically  pure  calcium  carbonate  would  be  composed  of 
56  parts  of  calcium  oxide  and  44  parts  carbon  dioxide.  A  chemically  pure  dolomitic  limestone 
would  be  composed  of  56  parts  calcium  oxide,  40  parts  of  magnesium  oxide,  and  88  parts  of 
carbon  dioxide. 

The  chemical  change  which  takes  place  in  the  burning  at  1600  or  1700  deg.  F,  destroys  the 
bond  between  the  calcium  or  magnesium  oxide  and  carbon  dioxide.  Under  the  action  of  this 
heat  treatment,  the  carbon  dioxide,  together  with  any  moisture  contained  in  the  stone,  passes 
off,  leaving  calcium  oxide,  or  "quick  lime."  This  lime  contains  small  percentages  of  residue 
such  as  silica,  alumina,  etc.,  which  are  difficult  to  eliminate  and  not  injurious  to  masonry  in 
the  proportions  in  which  they  are  present. 

There  are  two  general  types  of  kilns  for  burning  limestone — the  intermittent  and  the  continuous.  In  the 
intermittent  process,  the  kiln  is  charged  with  limestone  and  fuel,  then  burned,  cooled,  and  drawn.  This  constitutes 
a  complete  operation.     The  kiln  is  again  charged  and  the  operation  repeated. 
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The  continuous  type  of  kiln  is  in  general  use  in  modem  plants.  While  there  are  various  tsrpes  of  such  kilns,  the 
one  most  generally  used  is  always  subjected  to  heat  aoticAi  when  the  Idlns  are  in  operation.  The  fire  is  located 
near  the  bottom  and  at  the  side  of  the  central  chamber  containing  the  lime,  so  that  the  fuel  does  not  come  in  contact 
with  the  lime.  The  lining  of  the  kiln  is  usually  round  and  built  of  some  highly  refractory  material.  As  the  lime  is 
drawn  from  the  bottom,  the  kiln  fills  with  stone  at  the  top  and  the  burning  process  goes  on  continuously. 

66.  Slaking  Qtiick  Lime. — When  lime  is  delivered  in  the  oxide  form  (lumps  lime)  for  use 
in  construction  work,  the  slaking  goes  forward  by  the  hand  method.  In  this  process  the  person 
charged  with  the  slaking  uses  sufficient  water  to  bring  the  mass  to  a  paste,  which  is,  according 
to  custom  or  individual  preference,  thoroughly  screened  for  prompt  use  or  is  used  without  screen- 
ing after  it  has  aged.  Ageing  consists  of  allowing  the  paste  to  stand  for  a  week  or  more  to  per- 
mit moisture  coming  in  contact  with  all  particles  of  the  oxide.  This  is  by  some  considered  to 
offer  greater  assurance  of  thoroughly  and  completely  slaking  than  other  methods. 

« 

HydraUd  lim$  is  slaked  at  the  mills  by  machinery  specially  designed  for  the  purpose.  The  principle  of  the  pro- 
cees  is  to  bring  into  intimate  contact  with  the  lime  a  predetermined  quantity  of  water  that  will  chemically  combine 
with  the  lime  to  produce  complete  hydration.  In  this  action,  66  parts  of  calcium  oxide  combine  with  18  parts  of 
water.  When  completed,  the  resulting  product  is  74  parts  of  calcium  hydroxide,  or  hydrated  lime — a  fine,  dry, 
powdery  material. 

Hydrated  lime  is  packed  for  shipment  in  paper  sacks  containing  50  lb.  and  is  ready  for  use.  It  is  not  necessary 
to  slake  and  age  hydrated  lime,  but  it  is  customary  to  require  it  to  be  soaked  for  24  hr.  before  mixing  with  in- 
gredients to  be  entirely  sure  that  all  particles  are  thoroughly  hydrated  with  no  lime  oxide  remaining. 

67.  Hardening  of  Lime  Mortar. — The  hardening  of  lime  mortar  consists  partly  in  the  crys- 
tallization of  lime  hydrate  and  partly  in  reconverting  this  into  calcium  carbonate  through  ex- 
posure to  carbon  dioxide  in  the  air.  It  is  evident  from  this  that  ventilation  is  highly  desirable 
for  prompt  hardening  of  all  lime  mortars  or  plasters. 

68.  Uses  of  Lime  Plaster  and  Mortar. — lime  products  Gump  and  hydrated  lime)  are  used 
for  various  purposes  in  building  construction.     The  principal  uses  are  as  follows: 

Scratch  and  brown  coat  interior  plastering. 
Finish  coat  interior  plastering. 
Exterior  stucco. 

Mortar  for  brick  and  stone  masonry. 
As  a  flux  for  concrete. 

69.  Proportions  of  Materials  for  Lime  Plaster. — ^The  following  proportions  of  materials 
in  preparing  one  ton  of  lime  plaster  have  been  found  to  produce  excellent  results: 

FOR  WOOD  LATH  SURFACES 

Scratch  Coat. — 11>4  cu.  ft.  hydrated  lime  (9  sacks)  or  9H  cu.  ft.  lime  putty,  15>i  cu.  ft.  sand,  and  3  lb.  hair  or 
fiber. 

Brown  Coal. — 9  cu.  ft.  hydrated  lime  (7  sacks)  or  7^  ou.  ft.  lime  putty,  and  16H  <hi.  ft.  sand. 

White  Pinith. — Finishing  hydrated  lime,  or  freshly  burned  quick  lime,  properly  slaked,  gaged  with  calcined 
gyXMum. 

Sand  Float  Finish. — To  each  cubic  foot  of  Ume  paste  used,  add  and  thoroughly  mix  one  cubic  foot  of  sand. 

METAL  LATH  SURFACES 
Scratch  Coal: 

8  cu.  ft.  hyd.  lime  (6>4  sacks)  7      cu.  ft.  lime  putty 

1>^  cu.  ft.  Portland  cement  IH  cu.  ft.  Portland  cement 

15H  ou.  ft.  sand  or  15>(  cu.  ft.  sand 

3  lb.  hair  or  fiber  3  lb.  hair  or  fiber 

The  Portland  cement  should  be  seiwrately  mixed  with  its  proportion  of  sand  and  added  to  the  mixture  just 
previous  to  applying  the  plaster. 
Brown  Coat: 

9  cu.  ft.  hydrated  lime  7?4.  cu.  ft.  lime  putty 

(7  sacks)  or 

16  cu.  ft.  sand  16>a  cu.  ft.  sand 

Finiah  Coat: 

Same  as  prescribed  for  application  to  wood  lath. 

MASONRY  SURFACES 

Scratch  Coat. — 0  cu.  ft.  hydrated  lime  (7  sacks)  or  7^  cu.  ft.  lime  putty,  and  16H  eu.  ft.  sand. 

Brovm  Coat. — Same  proportions  as  for  scratch  coat. 

Finiah  Coat. — Same  as  prescribed  for  application  on  wood  lath. 
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15  cu.  ft.  hyd.  lime  (12  aaoka)  or  12^j[  on.  ft.  lime  putty,  1  ou.  ft.  sand,  and  250  lb.  oaloined  gypeum. 
No  more  than  1  coat  of  plaster  on  oonorete  surfaoea  is  reoommended. 

70.  Lime  Mortar. — The  stren^h  developed  by  lime  mortar  in  brick  masomy  provides  a 
factor  of  safety  sufficient  to  meet  all  the  strains  and  stresses  to  which  brick  masonry  is  usually 
subjected.  For  structures  wherein  high  strength  is  a  consideration,  the  use  of  Formula  No.  5 
in  the  following  table  of  results  of  tests  conducted  at  Ck)lumbia  University,  New  York,  in  1915, 
is  recommended: 

Ultimate  Resjsiancbs  of  Sx8x84-in.  Brick  Piers  Laid  Up  With  Different  Mortabs 

Shown 


1 

2 

OOlb.  C 
4  lb.  HI. 
3001b.  S 

3080 
8170 
4435 

9 

3 

4 

5 

0 

7 

Mortar  mix 

100  lb.  C 

85  1b.  C 
6  lb.  HTi 
3001b.  S 

2800 
3230 
4300 

751b.C 
10  lb.  HTi 
3001b.  S 

3120 
3470 
4170 

50  lb.  C 
201b.  HL 
3001b.  S 

2700 
3100 
3820 

25  lb.  C 
30  lb.  HL 
3001b.  S 

1045 
2370 
2720 

40  lb.  HL 
3001b.  S 

1535 

1870. 

1050 

Crushed  at 
7  days 

300  lb.  S 

2030 
2840 
2840 

28  days 

3  months 

C — Portland  Cement. 


HL — Hydrated  Lime. 


S— Sand. 


For  straight  lime  mortar  the  following  approximate  quantities  are  recommended: 

1  :  2      lump  lime  mortar — 1^  bbl.  lump  lime  and  H  ou.  yd.  of  sand. 

1  :  2H  lump  lime  mortar— IH  bbl.  lump  lime  and  H  ou.  yd.  of  sand. 

1  :  3  lump  lime  mortar — IH  bbl.  lump  lime  and  H  ou.  yd.  of  sand. 

1  :  2  hydrated  lime  mortar — OH  sacks  hydrated  lime  and  H  cu.  yd.  of  sand. 

1  :  2H  hydrated  lime  mortar — 5K  sacks  of  hydrated  lime  and  H  ou.  yd.  of  sand. 

1  :  3  hydrated  lime  mortar — 5  sacks  of  hydrated  lime  and  H  ou.  yd.  of  sand. 

71.  Use  of  Lime  Products  in  Cement  Mortar. — The  use  of  lime  products  in  cement  mortar 
produce  the  following  results: 

(1)  Lime  introduces  into  the  mortar  a  hifth  degree  of  plasticity  or  workability  so  the  mortar  can  be  easily 
spread,  thus  providing  a  more  uniform  bedding  for  the  bricks. 

(2)  The  so-called  suction  of  the  brick  affects  a  cement-lime  mortar  to  a  much  lees  degree  than  it  doee  a  straight 
cement  mortar.  The  use  of  lime  is  said  to  aid  in  the  retention' of  moisture  in  the  mortar  for  the  more  nearly  com- 
plete hydration  of  the  cement  in  the  mixture,  thus  causing  the  cement  to  work  at  higher  efficiency.  This  point  is 
ixnaibly  brought  out  in  the  above  table  by  the  comparison  of  mortar  No.  5  with  mortar  No.  1.  The  economical 
feature  in  this  test  is  that  a  mortar  composed  of  20  lb.  of  hydrated  lime,  50  lb.  of  Portland  cement,  (a  total  of 
70  lb.  of  cementing  material)  and  300  lb.  sand,  developed  a  strength  approximately  1000  lb.  per  sq.  in.  stronger 
than  a  mortar  composed  of  100  lb.  of  Portland  cement  and  300  lb.  sand. 

72.  Notes  on  Plastering. — In  various  sections  of  the  country,  few,  if  any,  organizations 
have  taken  more  interest  in  the  improvement  of  the  materials  used  by  them  and  the  welfare 
of  the  occupants  of  all  buildings  than  the  various  Employing  Plasterers'  Associations.  Among 
these  the  association  in  Chicago  is  soliciting  the  cooperation  and  support  of  architects  and 
others  in  the  association'^s  efforts  to  set  the  highest  standards  possible  for  plastering  and  has 
issued  documents  in  which  it  says: 

In  many  of  the  branches  of  building  construction,  efforts  are  tending  towards  the  use  of  better  mat^sriaJ  and 
workmanship.  No  material  or  finish  for  a  building  combines  so  fully  the  essentials  for  fire  protection  and  sanitation 
at  so  low  a  cost  to  the  owner  as  does  plastering,  and  no  other  material  that  enters  so  largely  into  the  construction 
of  a  building  presents  so  large  an  area  of  visible  surface.  The  cost  of  plastering  represents  only  a  small  percentage 
of  the  total  cost  of  a  building. 

It  is  a  necessary  base  for  the  most  expensive  decorations  and  in  itself  provides  the  requisites  necessary  for  a 
finish  interior.  The  association  believes  that  so  important  an  element  in  the  construction  and  finish  of  a  building 
is  worthy  to  be  well  done,  and  that  the  best  workmanship  and  material  if  specified  and  oaUed  for  will  more  than 
compensate  owners  and  architects  in  their  requirements  for  such  grade  <rf  work. 
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The  following  notes  on  plastering  issued  in  copyrighted  pamphlets  for  distribution,  writ- 
ten by  J.  Turley  Allen,  a  member  of  the  Association  in  Philadelphia  and  a  leading  plastering 
contractor  of  the  country  with  long  years  of  experience,  will  be  found  of  much  value  and  interest. 
In  connection  with  the  two  kinds  of  plastering  to  which  he  refers — viz.,  ''laid  off  work"  and 
*' three  coat  work,"  both  of  which  consist  of  three  coats  of  plaster —  it  is  well  to  call  attention 
to  the  following :  Laid  of  tvork  is  less  expensive  than  three  coat  work  because  of  the  fact  that  the 
same  scaffolding  can  be  used  for  the  first  two  coats  which  are  applied,  one  over  the  other,  while 
the  first  or  scratch  coat  is  yet  fresh.  There  are  advocates  of  each  method,  and  if  three  sepa- 
rate coats  are  desired,  specifications  should  distinctly  and  definitely  state  that  each  coat  shall 
set  and  be  dry  before  the  next  is  applied.  As  the  latter  method  requires  the  taking  down  of 
scaffold  after  each  coat  and  resetting  the  same  for  subsequent  coats,  it  is  obvious  that  pro- 
vision must  be  made  for  such  expense.  Three  coat  work  is  necessary  in  connection  with  metal 
lath. 

Wood  Lathino. — All  oeUings,  walU,  xmrtitions,  and  under  sides  of  stairs  are  to  be  lathed  with  best  quality 
of  lath  of  full  thickness  and  free  from  bark.  Each  joint  is  to  be  broken  at  least  every  eighth  course  and  the  lath 
laid  with  sufficient  space  to  allow  a  strong  key.  All  lath  are  to  be  securely  nailed  to  each  bearing  with  3d  fine  No.  16 
gage  wire  nails.     No  breaks  sbaU  occur  directly  over  corners  of  opening. 

It  is  sometimes  mentioned  in  specifications  that  best  sawn  lath  are  to  be  used.  This  is  unnecessary,  as  split 
lath  against  which  this  specification  was  intended  to  guard  have  not  been  in  the  market  for  over  50  yr.  It  is  also 
usual  to  require  dry  lath  to  be  used.  This  is  a  mistake  as  much  better  results  can  be  gained  by  using  wet  lath,  and 
allowing  the  mortar  and  the  lath  to  dry,  together.  Mortar  put  on  dry  lath  will  make  them  warp  and  twist,  and 
crack  the  mortar,  should  the  mortar  set  or  harden  before  the  lath  have  become  saturated. 

In  regard  to  the  clause  frequently  inserted  in  the  plasterer's  specifications  forbidding  the  rimning  of  lath  over 
or  behind  partitions,  it  would  seem  to  be  more  effectual  to  instruct  the  carpenter  so  to  arrange  the  studs  and  furring 
that  it  would  be  impossible  to  make  anything  else  than  a  solid  internal  angle. 

Metal  Lathing. — All  ceilings,  partitions,  and  stripp»ed  walls  are  to  be  covered  with  metal  lath,  securely  naUed  in 
position  and  strained  so  that  it  will  not  ^ve  when  the  second  or  finishing  coats  are  applied.  Lath  shall  be  stapled  to 
each  stud  joist  or  bearing  with  1-in.  blued  wood  staples,  spaced  about  6  in.  apart.  Lap  lath  at  jointings  with  not 
less  than  1-in.  lap. 

If  metal  lath  are  used,  the  supports  should  be  sufficiently  close  to  make  a  rigid  wall.  If  ordinary  wire  cloth 
is  used,  the  space  or  centers  should  not  be  greater  than  0  in.  This  distance  may  be  increased  with  some  of  the 
laths  which,  in  the  direction  of  their  stiffencr,  are  more  rigid  than  plain  wire. 

Laid  Off  Work. — All  ceilings,  walls,  partitions,  and  soffits  throughout  the  building  are  to  be  plastered  with 
three  coats.  The  brown  mortar  for  this  work  is  to  be  made  of  fresh  lime,  graded  sand,  and  strong  cattle  hair  or 
fiber.  The  lime  must  be  run  through  a  sieve  of  not  less  than  five  meshes  to  the  inch,  and  used  as  soon  as  it  is  stiff 
enough  to  be  worked.  All  lath  work  must  be  covered  with  first  coat  mortar  made  up  as  above  directed  and  put  on 
with  such  force  as  to  insure  a  good  clinch. 

This  is  to  be  followed  immediately  by  second  coat  mortar  made  with  a  larger  proportion  of  sand  and  less  hair 
or  fiber.  All  other  second  coating  in  the  building  is  to  be  done  with  this  mortar.  The  surface  of  the  second  coat 
must  be  made  true  and  even,  flush  with  grounds  and  fairly  out  of  winding.  All  angles  must  be  made  straight 
and  true,  all  walls  plumb. 

When  the  mortar  has  become  sufficiently  set,  the  entire  surface  must  be  made  compact  and  rubbed  with  a 
float  or  darby  and  all  bumps  or  other  imperfections  removed.  The  surface  is  to  be  left  so  that  the  finishing  coat 
will  adhere  firmly  to  it. 

Three^^ooA  Work. — All  ceilings,  walls,  partitions,  and  soffits  throughout  the  building  must  be  plastered  in  the 
best  manner,  with  three  coats. 

Each  coat  must  be  perfectly  dry  before  the  next  is  applied.  The  brown  mortar  for  this  work  must  be  made  of 
fresh  lime,  graded  sand,  and  strong  cattle  hair  or  fiber  and  the  lime  must  be  run  through  a  sieve  of  not  less  than 
five  meshes  to  the  inch,  and  used  as  soon  as  it  is  stiff  enough  to  be  worked.  All  lath  work  is  to  be  covered  with  first 
coat  mortar  made  up  as  above  directed  and  put  on  with  such  force  as  to  insure  a  good  clinch. 

The  surface  of  the  first  coat  must  be  left  as  rough  as  possible  by  being  scratched  with  a  broom  or  scratcher  so  as 
to  insure  the  adhesion  of  the  second  coat.  It  is  also  to  be  put  on  to  such  a  thickness  that  the  first  coat  when 
dry  and  the  lath  together  may  be  strong  enough  to  resist  the  pressure  of  applying'  the  second  coat.  When  this 
mortar  has  beeome  perfectly  dry,  all  ceilings,  walls,  and  partitions  throughout  the  building  are  to  be  covered  with 
second  coat  mortar,  made  with  a  larger  proportion  of  sand  and  less  hair  or  fiber.  The  surface  of  the  second  coat 
must  be  made  true  and  even,  flush  with  grounds  and  fairly  out  of  winding.  All  angles  must  be  made  straight  and 
true,  all  walls  plumb. 

When  the  mortar  has  become  sufficiently  set,  the  entire  surface  must  be  compact  and  rubbed  up  with  a  float 
or  darby  and  all  bumps  or  other  imperfections  removed.  The  surface  is  to  be  left  so  that  the  finishing  coat  will 
adhere  firmly  to  it. 

It  is  usual  to  specify  that  mortar  must  lie  in  the  bed  for  a  given  length  of  time,  varying  from  one  to  three 
weeks.     Because  the  limes  made  are  in  combination  with  over  45  %  of  carbonate  of  magnesia,  the  mortar  made  from 
them  sets.     When  the  slaked  lime  has  lain  in  the  bed  until  it  becomes  stiff,  and  is  then  broken  down  and  tempered, 
a  very  considerable  proportion  of  the  strength  that  it  should  ultimately  have  is  lost. 
50 
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The  mortar  should  be  put  on  bo  that  the  aettinc  will  occur  in  place  and  not  in  the  bed. 

The  loss  of  lime  water  while  lying  in  the  bed  ia  alao  very  harmful,  aa  mortar  made  with  theae  limea  never  be- 
comes as  hard  on  the  wall  after  it  ia  retempered  with  clean  water,  as  it  would  have  been  had  it  been  uaed  before 
the  addition  of  more  water  became  necessary.  Lime  that  has  Iain  in  the  bed  for  some  weeks  and  is  then  tempered 
down  will  work  freely  under  the  tools  with  a  much  larger  proportiod  of  sand  than  is  required  by  lime  tempered 
in  a  few  days  or  as  soon  as  it  can  be  worked.  Buch  an  addition  of  sand,  however,  does  not  add  strength  to  the 
mortar  but  is  simply  an  economy  on  the  part  of  the  workman  at  the  expense  of  the  quality  of  the  work.  It  is 
sometimes  urged  that  lime  should  ripen  in  the  bed  in  order  that  all  the  particles  should  become  thoroughly  slaked. 
This  is  an  error  because  unslaked  particles  should  be  taken  out  with  a  sieve  at  the  mouth  of  the  running^ff  box. 
Any  pieces  of  lime  that  will  go  through  a  mesh  of  a  No.  5  sieve,  will  slack  out  bef  (m«  the  mortar  can  be  used. 

Care  should  be  taken  to  use  graded  as  well  as  sharp  sand  in  order  that  the  voids  may  be  of  such  sise  as  to  hold 
enough  lime  to  cement  the  grains  together  securely  and  at  the  same  time  by  the  close  contact  of  the  grains,  to 
lessen  the  possibility  of  shrinkage  of  the  masp  and  map  cracking. 

No  small  part  of  the  advantage  of  rubbing  up  the  second  coat  mortar  thoroughly  is  that  it  is.  thereby  made  more 
compact  than  it  was  when  originally  applied.  This  b  urged  for  the  same  reason  that  cement  concrete  should  be 
made  with  as  little  water  as  possible  and  also  to  be  thoroughly  rammed. 

It  also  follows  that  stronger  work  can  be  made  when  each  coat  dries  separately,  because  the  second  coat  can 
be  made  much  more  dense  by  being  forced  against  the  dry  first  coat,  whereas  in  laid  off  work  this  force  cannot  be 
applied,  as  it  would  simply  result  in  all  the  mortar  being  pushed  through  the  keys. 

White  Coaling. — The  finishing  coat  must  be  composed  of  lime  putty  with  a  small  proportion  of  white  sand  gaged 
with  Plaster  of  Paris.  This  coat  must  be  run  on  with  such  force  as  to  insure  a  bond  to  the  second  coat  and  muai  be 
troweled  to  a  burnished,  even  and  straight  surface,  free  from  chip  cracks  or  other  defects.  In  no  case  is  raw  stuff 
to  be  run  on  and  finished  with  gaged  stuff.  The  lime  from  which  this  white  mortar  is  made  must  be  run  through 
a  sieve  of  not  less  than  ten  meshes  to  the  inch.     Neat  quirks  must  be  cut  at  all  angle  beads. 

Sand  Finish. — The  mortar  for  the  sand  finish  must  be  composed  of  clean  white  sand  and  the  lump  lime  whioh 
has  been  run  through  a  sieve  of  not  less  than  five  meshes  to  the  inch. 

This  mortar  is. to  be  put  on  with  force  and  floated  to  an  even  and  true  surface,  free  from  switches,  float  marks, 
and  all  defects  or  inequalities. 


STUCCO 

By  J.  C.  Pearson 

Stucco  has  rapidly  come  into  general  use  in  this  country  as  an  exterior  finish  for  residences 
and  other  structures.  One  of  the  factors  contributing  to  this  rapid  development  has  been  the 
too  easy  adaptation  of  long-used  methods  of  interior  plastering  to  exterior  work,  a  condition 
which  has  perhaps  done  more  to  retard  than  to  encourage  the  development  of  rational  practice 
in  the  treatment  of  stucco.  Many  of  the  stuccos  applied  according  to  these  methods  have 
proved  unsatisfactory,  and  there  has  developed  an  unwarranted  prejudice  against  stucco  in 
the  minds  of  some  who  are  aware  of  the  failures,  but  who  are  not  sufficiently  well  informed  as 
to  the  causes  of  these  failures. 

It  must  be  realized,  however,  that  individual  effort  could  hardly  be  capable  of  making 
rapid  progress  in  the  improvement  of  stucco  either  in  determining  what  is  essential  to  good 
practice  or  what  is  to  be  avoided.  It  is  only  within  the  last  5  or  10  yr.  that  cooperative  investi- 
gations have  been  planned  and  carried  out  for  the  purpose  of  developing  more  complete  informa- 
tion in  regard  to  stucco  construction.  These  investigations  are  still  in  progress,  and  while 
further  important  developments  may  be  anticipated,  the  causes  of  failures  and  unsatisfactory 
results  are  now  quite  well  established. 

The  recommendations  which  follow  are  based  on  the  results  of  these  investigations, 
and  also  upon  data  gathered  from  the  examination  of  many  stucco  structures  in  different  parts 
of  the  country, 

73.  Importance  of  Good  Design  in  Stucco  Construction. — It  is  wrong  to  assume  that 
exterior  plasters  of  any  kind  are  as  durable  under  all  exposures  as  stone,  brick,  or  concrete. 
They  are  not,  and  the  sooner  architects  and  builders  realize  that  the  best  of  stuccos  have  certain 
limitations,  the  sooner  will  the  chief  causes  of  complaint  be  eliminated.  Thus  it  is  that  the 
design  of  the  structure  plays  an  important  part  in  the  permanency  and  appearance  of  stucco, 
and  the  following  suggestions  may  be  offered: 

1.  Stucco  surfaces  snould  shed  water  quickly,  and  the  more  nearly  vertical  these  surfaces  the  better.  One 
may  even  go  so  far  as  to  recommend  (especially  in  variable  climates,  such  as  those  of  the  northern  and  eastern  parts 
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of  the  country)  agaiiwt  the  use  of  stuooo  on  oopings,  comioes,  and  sills,  and  suggest  that  these  be  of  stone,  cast 
concrete,  or  other  matwiabi  which  can  better  assume  the  burden  of  severe  exposure. 

2.  Stucco  needs  overhead  protection  wherever  there  is  danger  of  water  getting  behind  it,  and  to  insure  against 
this  it  is  safer  to  make  special  provision  against  leaks,  and  drip,  which  may  concentrate  water  flow  over  the  surface 
of  the  stucco  and  thus  injure  or  disfigure  it.  An  overhanging  roof  is  very  desirable  if  the  design  will  permit,  and 
proper  flashing  of  copings,  cornices,  and  projecting  wood  trim  over  window  and  door  openings,  together  with  clean 
cut  drip  grooves  under  sills  and  belt  courses,  will  well  repay  attention  to  details  of  this  character. 

3.  Stucco  shoxild  preferably  not  be  run  to  the  ground,  although  this  can  be  done  successfidly  on  concrete  or 
masonry  walls,  provided  the  surfaces  are  thoroughly  cleaned  before  plastering  and  a  good  mechanical  key  is 
provided  for  all  ooats.  Lath  ahould  always  be  stopped  at  least  12  in.  above  grade  to  avoid  exposure  to  ground 
moisture. 

74.  Structure. — Apart  from  suitable  design  of  the  stucco  structure,  there  are  certain 
points  in  wall  construction  which  have  to  be  considered  as  an  essential  part  of  the  stucco  speci- 
fication. Masonry  and  concrete  walls  are  superior  to  frame  walls  because  of  their  greater 
stability.  The  chief  requirements  of  such  walls  are  that  they  should  be  straight  and  provide  a 
good  mechanical  key.  Concrete  and  concrete  block  should  preferably  be  rough  and  of  coarse 
texture,  brick  should  be  laid  in  cement  mortar  with  joints  raked  out  at  least  %  in.,  and  terra 
cotta  tile  should  be  laid  in  cement  mortar  and  be  provided  with  deep  dovetail  scoring. 

To  insure  proper  adhesion  of  the  stucco,  all  concrete  and  masonry  backings  should  be 
thoroughly  cleaned  and  properly  wetted  before  the  coating  is  applied.  It  has  been  estab- 
lished that  the  "  suction,''  or  absorption,  of  concrete  and  masonry  backings,  and  particularly 
of  undercoats,  is  a  very  important  factor  among  those  which  determine  the  permanency  ancl 
appearance  of  stucco  finishes.  The  general  rule  to  be  followed  is  to  wet  the  surface  only  to 
such  a  degree  that  water  will  not  be  too  rapidly  absorbed  from  the  plaster,  and  to  avoid 
wetting  the  surface  to  saturation. 

Frame  structures  to  be  covered  with  stucco  require  special  bracing  to  prevent  racking, 
and  good  foundations  to  prevent  settlement.  Small  movements  of  this  nature  will  injure  stucco 
where  wood  finish  would  not  be  affected.  Diagonal  braces  of  1  X  &-in.  boards,  6  or  8  ft.long, 
let  into  the  studs  on  their  inner  sides  at  the  upper  and  lower  corners  of  each  wall,  and  bridging 
between  the  studs  at  least  once  in  each  story  height,  should  be  specified  for  the  bracing  of  frame 
walls.  If  the  walls  are  to  be  sheathed,  this  bracing  is  not  so  necessary,  but  neither  is  it  en- 
tirely superfluous.  Studs  are  usually  2x4  in.,  placed  16  in.  on  centers  when  sheathing  is  used, 
and  12  in.  when  sheathing  is  not  used  (unless  ribbed  or  stiffened  lath  is  to  be  applied,  in  which 
case  the  spacing  may  be  16  in.).  Studs  should  also  be  run  from  sills  to  eaves,  without 
intervening  horixontal  members,  to  avoid  any  lack  of  uniformity  or  point  of  weakness  in  the 
wall  construction. 

The  frame  stucco  structure  may  be  sheathed  or  not,  as  preferred.  There  are  advantages  in  both  methods,  and 
the  present  tendency  is  to  omit  the  sheathing  and  use  what  is  known  as  the  back  plastered  type  of  construction. 
In  this  the  lath  (which  is  preferably  of  the  self-furring  type)  is  nailed  or  stapled  directly  to  the  studs,  and  after 
two  coats  of  the  stucco  have  been  applied  to  the  exterior,  the  wall  is  back  plastered  on  the  inside  of  the  lath  to 
embed  the  lath  completely  and  to  form  a  heavier  wall.  This  back  plastered  coat  usually  finishes  yi  in.  or  more  back 
of  the  faces  of  the  studs  and  helps  to  stifTen  the  entire  frame.  A  wall  so  constructed,  of  course,  loses  the  insulating 
value  of  the  sheathing,  and  to  compensate  for  this  a  layer  of  felt  or  other  insulating  material  is  usually  applied 
between  the  studs  in  such  manner  as  to  form  a  double  air  space  between  the  inside  and  outside  plaster. 

If  sheathing  is  used,  it  should  be  laid  horisontally  across  the  wall  studs,  and  not  diagonally,  notwithstanding 
the  fact  that  the  latter  method  is  common  practice  in  many  sections  of  the  country.  Over  the  sheathing  should 
be  laid  a  good  grade  of  waterproof  paper,  each  course  lapping  2  in.  over  the  upper  edge  of  the  course  below.  If 
separate  furring  is  used,  this  is  next  applied  over  the  waterproof  paper  and  along  the  line  of  the  studs,  but  for  econ- 
omy self-furring  lath  is  to  be  recommended  in  preference  to  the  use  of  separate  furring.  The  lath  should  be  applied 
in  such  a  manner  as  to  form  as  nearly  as  possible  a  uniform  fabric  over  the  structure.  Particular  attention  should 
be  given  to  thoroughly  tsring  and  lacing  the  joints  of  the  lath  with  galvanised  wire,  and  the  nailing  or  stapling 
should  be  not  more  than  6  or  8  in.  apart  over  the  furring.  Rigidity  and  uniformity  in  the  lath  fabric  are  essential 
to  sucoessful  stucco  on  frame  structures. 

The  merit  of  wood  lath  as  a  bsse  for  cement  stucco  is  the  subject  of  never  ending  controversy.  The  writer's 
observations  have  led  him  to  the  conclusion  that,  if  properly  used,  wood  lath  may  give  satisfactory  results,  but  if 
applied  in  the  ordinary  manner  as  for  interior  plastering,  it  is  not  a  suitable  base  for  this  type  of  stucco.  The 
main  argument  for  wood  lath  as  compared  with  metal  lath  is  the  liability  of  the  latter  to  corrosion,  but  tests  and 
long  exposures  under  actual  service  conditions  have  shown  that  cement  stucco  applied  in  accordance  with  the 
recommendations  to  be  given  in  later  paragraphs  will  protect  metal  lath  indefinitely  from  corrosion.  The  use  of 
wood  lath  for  cement  stucco  is  somewhat  analogous  to  the  use  of  wood  strips  as  reinforcement  for  cement  mortar 
or  concrete;  in  either  case  metal  is  much  to  be  preferred. 
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76.  Materials. — The  essential  ingredients  of  a  good  stucco  are  three, — ^viz :  Portland  cement 
of  good  quality,  sand  or  screenings  from  crushed  stone  or  crushed  gravel,  and  clean  water. 
The  sand  or  screenings  should  be  well  graded  in  size,  and  all  should  pass  through  a  No.  8  screen. 
Other  materials  are  frequently  used, — e.g.,  hydrated  lime,  hair  or  fiber,  and  coloring  matter. 
Whenever  hydrated  lime  is  specified,  dry  hydrated  lime  is  much  to  be  preferred  to  slaked  lump 
lime  in  the  form  of  putty,  since  the  former  can  be  more  thoroughly  mixed  with  the  other  in- 
gredients. Hair  or  fiber  is  commonly  added  to  the  first  coat  of  stucco  applied  to  metal  lath, 
and  if  used  it  should  be  clean  and  thoroughly  distributed  through  the  mortar.  Coloring 
matter  for  tinting  purposes  should  consist  only  of  non-fading  mineral  pigments. 

Under  this  beading  mention  may  be  made  of  the  poasibility  of  using  the  so-called  "blended  cements**  with 
good  results  in  stucco.  A  blended  cement  is  a  mixture  of  Portland  cement  and  sand  or  other  inert  material,  ground 
together  until  the  whole  is  approximately  of  the  same  fineness  as  ordinary  cement.  Experimental  reaulta  ob- 
tained with  materials  of  this  type  have  been  highly  satisfactory,  and  there  is  every  reason  to  believe  that  blended 
cements  may  play  an  important  part  in  the  further  impr  ovement  of  stuccos. 

76.  Tools. — The  tools  required  for  the  mixing  and  application  of  stucco  are  few  and  simple. 
The  mixer  uses  the  ordinary  implements — shovel,  hoe,  bucket,  hod,  and  mixing  box.  The 
plasterer  requires  hawk,  trowel,  wooden  float,  rod,  and  darby.  These  tools  are  the  same  that 
have  been  used  in  the  plasterer's  trade  for  generations,  and  there  is  no  change  in  modern  prac- 
tice except  for  the  tendency  to  introduce  machine  mixing,  which  is  unquestionably  a  step 
iforward.  Machines  have  also  been  developed  for  the  application  of  stucco,  but  these  have  not 
yet  come  into  general  use.  An  exception  might  be  made  of  the  cement  gun,  which  has  been 
used  to  a  considerable  extent  on  large  scale  operations  with  good  results. 

77.  Mixing. — Thorough  mixing  of  the  stucco  mortar  is  essential.  For  this  reason  ma- 
chine mixing  is  always  to  be  preferred  to  hand  mixing,  but  of  course,  the  machine  is  not  always 
available.  Careful  measurement  of  all  ingredients,  including  the  water,  is  also  essential,  for 
the  separate  batches,  especially  of  the  finish  coat,  must  be  absolutely  alike  in  color  and  con- 
sistency. Care  and  the  use  of  such  methods  as  will  insure  uniform  proportions,  will  produce 
satisfactory  results  in  this  respect.  A  good  rule  to  follow  in  machine  mixing  is  to  run  the  mixer 
5  min.  after  all  the  ingredients  of  the  batch  are  introduced.  In  hand  mixing  the  dr^*^  ingredients 
should  be  hoed  back  and  forth  until  the  color  is  uniform,  the  water  then  added,  and  the  mixing 
continued  for  10  to  15  min.,  until  the  consistency  is  uniform.  Attention  may  be  called  to  the 
importance  of  using  the  proper  amount  of  water  in  the  mix,  which  may  be  specified  as  the  least 
amount  of  water  that  will  produce  a  mortar  of  good  workable  consistency. 

78.  Mortar  Coats. — There  is  much  difference  of  opinion  in  regard  to  the  best  mixtures 
and  methods  of  application  of  stucco,  and  the  following  summary  of  recommended  practice  is 
compiled  from  the  latest  available  recommendations  of  the  Bureau  of  Standards,  the  Portland 
Cement  Association,  the  American  Concrete  Institute,  and  the  Associated  Metal  Lath  Manu- 
facturers. A  number  of  these  points  might  well  be  discussed  at  greater  length,  but  space  does 
not  permit. 

ProportionM. — The  present  tendency  is  toward  the  use  of  leaner  mixtures  than  have  been  specified  in  the  past 
A,  good  general  formula  for  stucco  mortar  is  1  sack  of  cement  to  3  cu.  ft.  of  sand  or  stone  screenings.  If  the  sand 
or  screenings  are  well  graded,  and  contain  a  considerable  amount  of  fine  materialt  a  larger  proportion  of  aggregate 
should  be  used.  The  reason  for  the  use  of  lean  mixtures  is  that  the  tendency  of  cement  mortars  to  expand  and  eon- 
tract  under  varying  moisture  conditions  is  approximately  proportional  to  their  cement  content.  As  this  move- 
ment is  the  chief  cause  of  structural  defects  in  stuccos,  the  advantage  of  using  lean  mixtures  is  apparent.  The 
plasticity  of  these  mixtures  can  be  improved  by  additions  of  hydrated  lime,  but  such  additions  should  be  in  the  pro- 
tK>rtion  of  not  more  than  10  lb.  of  lime  to  a  sack  of  cement.  Hair  may  be  used  in  the  scratch  coat  on  metal  lath  whic  h 
is  to  be  back  plastered,  but  it  should  not  be  used  in  any  coat  on  metal  lath  over  sheathing  (unless  furring  deeper 
than  H  in.  is  used)  nor  on  any  type  of  masonry  backing. 

Waterproofino. — Waterproofing  materiab  of  any  type  should  not  be  necessary  in  properly  mixed  and  applied 
cement  stucco.     Stucco  will  absorb  water  to  some  extent  in  rainy  weather,  but  this  is  not  injurious. 

Number  and  Thickness  of  Coats. — First  class  stucco  should  be  three-coat  work.  Two-coat  work  is  pwmissible 
when  the  walls  upon  which  the  stucco  b  applied  are  nearly  true  planes,  or  when  circumstances  are  such  that  a  first 
class  finish  is  not  required.  The  first  or  scratch  coat  should  thoroughly  cover  and  bond  fibrmly  to  the  base,  since  it 
must  carry  the  weight  of  the  body  of  the  stucco.  It  should  be  at  least  ^  in.  in  thickness  to  receive  the  rough  scor- 
ing which  provides  the  mechanical  key  for  the  second  coat.  The  second  coat  is  usually  applied  the  day  following 
the  application  of  the  scratch  coat,  and  as  its  function  is  to  straighten  the  wall,  it  will  require  an  average  thick- 
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nen  of  H  to  H  in.  When  the  aeoond  coat  has  been  straightened  and  has  partially  stiffened,  it  is  gone  over  with  a 
wood  float  to  compact  it  properly,  and  is  then  lightly  scored.  The  finish  coat  should  not  be  applied  for  several 
dajrs  (the  longer  the  better)  after  the  first  and  second  coats  are  in  place.  The  delay  allows  the  greater  part  of  the 
initial  shrinkage  of  the  undercoats  to  take  place,  and  the  finish  b  thus  leas  likely  to  crack  from  slight  subsequent 
movements  in  the  body  of  the  stucco. 

W^tino  and  Curing. — Wetting  of  each  ooat  is  necessary  bef <n*e  applying  the  succeeding  coat,  to  prevent  excessive 
absorption  or  "suction  "  of  water  from  the  fresh  coat.  It  is  also  desirable  to  cure  the  second  coat  by  keeping  it  damp 
for  2  or  3  days  following  its  application,  and  the  same  treatment  should  be  given  the  finish  coat.  Fresh  coats  should 
be  protected  when  necoeoary  from  sun,  rain,  and  freeaing,  and  as  a  general  rule  exterior  plastering  should  not  be 
allowed  to  go  on  under  extreme  weather  conditions. 

79.  Finishes. — Stucco  finishes  may  be  divided  into  three  groups  according  to  texture:  (1) 
Dash  finishes  of  the  ''wet"  and  ''dry"  types,  (2)  smooth  finishes  comprising  the  various  modifi- 
cations of  float  finishes,  and  (3)  exposed  aggregates.  The  quality  and  cost  of  these  finishes  are 
approximately  in  the  order  given  above,  as  are  also  the  skill  and  experience  required  of  the 
plasterer  to  execute  them  succesfully. 

The  wet  dash  finishes  include  the  "rough  cast/'  which  is  obtained  by  throwing  with  a 
paddle  a  mixture  of  cement  grout  and  pebbles  of  such  size  as  to  produce  the  desired  texture 
against  a  thin  coat  of  fresh  mortar;  the  "spatter  dash, "  which  is  obtained  in  much  the  same 
manner  as  the  rough  cast  but  with  a  very  thin  mixture  of  cement  and  coarse  sand  or  stone 
screenings;  and  the  "sand  spray"  or  "broom  dash"  which  is  obtained  by  applying  a  creamy 
mixture  of  cement  and  sand  with  a  whisk  broom  or  long  fiber  brush.  All  these  finishes  are  of 
comparatively  low  cost,  and  owing  to  their  rough  texture  have  the  advantage  of  hiding  the 
very  fine  shrinkage  cracks  which  always  develop  to  a  greater  or  less  extent.  These  features 
contribute  to  the  popiilarity  of  the  dash  finishes,  and  they  are  to  be  generally  recommended. 

To  some  the  wet  dashes  are  objectionable  because  of  their  dull  uniform  cement  color.  This  may  be  improved 
by  the  use  of  white  Portlitnd  cement  in  the  finish  coat,  lightiy  tinted  with  mortar  colors.  Another  means  of  avoid- 
ing this  objection  is  the  use  of  dry  dashes,  which  consist  of  clean  pebbles  or  marble  and  stone  chips  of  various  colors, 
thrown  forcibly  against  a  "better  coat"  of  fresh  mortar,  so  that  they  adhere  to  ar.d  cover  the  surface.  In  cement 
stucco  this  is  a  difficult  finish  to  execute  properly,  but  when  well  done  it  produces  an  acceptable  color  and  texture 
quite  different  in  character  from  that  of  the  wet  dashes. 

The  sand  float  finish,  when  intelligently  and  skillfully  executed  by  experienced  plasterers, 
is  one  of  the  most  acceptable  of  stucco  finishes.  Too  often  it  is  attempted  when  neither  archi- 
tect nor  plasterer  are  aware  of  the  difliculties  in  the  way  of  obtaining  satisfactory  results.  The 
fundamental  conditions  of  a  successful  sand  float  finish  are  a  lean  mixture  and  a  plasterer  trained 
in  the  art  of  stuccoing.  Not  less  than  three  parts  and  preferably  more,  of  well  graded  sand  with 
one  part  of  Portland  cement  can  be  definitely  specified  for  the  mixture.  After  the  straightening 
coat  has  been  dampened,  the  finish  coat  is  applied  in  a  yi-iu,  layer,  carefully  straightened  and 
floated.  Finally  when  the  coat  has  well  stiffened,  a  water  float  is  given.  The  result  depends 
mainly  on  the  quaUty  of  workmanship.  The  float  marks,  blotches,  and  scaffold  laps  should  be 
eliminated,  and  the  color  of  the  finished  surface  should  be  uniform  and  toned  by  the  color  of  the 
aggregate.  The  lean  mixture  and  the  proper  timing  of  the  final  floating  will  prevent  the  formar 
tion  of  craze  and  map  cracks;  the  skill  of  the  plasterer  must  do  the  rest. 

The  exposed  aggregate  finish  is  more  properly  designated  as  a  surface  treated  concrete, 
although  the  name  has  frequently  been  applied  to  ordinary  trowelled  or  floated  surfaces  which 
are  given  a  final  scrubbing  treatment  with  brush  and  water,  or  a  cleaning  with  a«id.  The  ex- 
posed aggregate  finish,  as  the  term  is  here  used,  is  obtained  by  applying  a  finish  coat  of  mortar 
containing  carefully  selected  and  graded  aggregate,  in  which  coarse  particles  from  M  to  K  ^^' 
or  larger  predominate.  When  this  coat  has  stiffened  to  the  desired  degree,  the  surface  film  of 
cement  and  finer  aggregate  is  removed  by  wire  brushing,  and  the  coat  is  left  to  harden  and 
dry  out.  It  is  then  cleaned  with  acid  and  finally  washed  with  clean  water.  When  this  finish 
is  properly  executed,  the  color  of  the  aggregate  should  predominate  and  determine  the  color 
of  the  finished  surface.  This  treatment  is  capable  of  producing  most  beautiful  effects  and 
easily  takes  first  rank  among  all  stucco  finishes.  ^ 

^  Further  information  regarding  the  exposed  aggregate  finish,  with  photographs,  is  contained  in  a  paper, 
."New  Developments  in  Surface  Treated  Concrete  and  Stucco,"  Pearson  and  Earley,  Proc.  A.C.I.,  vol.  zvi,  1920. 
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60.  Other  Types  of  Stucco. — Aside  from  Portland  cement  stucco,  which  is  the  type  most 
widely  used,  there  are  two  others  which  deserve  mention. 

One  of  these  is  the  lime  stucco  of  earlier  dayB,  of  which  many  splendid  examples  are  still  in 
existence.  The  question  arises,  why  were  these  lime  stuccos  almost  wholly  abandoned  in  favor 
of  Portland  cement,  when  their  quality  and  durability  are  evidenced  by  the  fact  that  some  of 
them  have  endured  for  more  than  a  century  ?  From  examination  of  some  of  the  well  known  lime 
stuccos  of  Germantown  Pa.,  and  elsewhere,  the  writer  is  of  the  opinion  that  the  conditions  under 
which  these  stuccos  were  built  are  conditions  of  the  past  (houses  with  18-in.  stone  walls,  lime 
slaked  12  months  before  use,  mortar  applied  in  thin  coats,  and  each  left  to  harden  for  an  indefi- 
nite time) ;  these  were  conditions  highly  favorable  to  lime  stucco,  but  they  no  longer  obtain. 
It  is  true  that  there  are  satisfacory  stuccos  of  the  present  period  in  which  varying  proportions  of 
lime  and  cement  have  been  used,  many  of  them  no  doubt  containing  more  lime  than  cement, 
but  so  many  failures  may  be  traced  directly  to  faulty  combinations  of  these  materials,  and  so 
much  evidence  has  accumulated  to  demonstrate  the  superiority  and  greater  reliability  of  Port- 
land cement,  that  mixtures  containing  more  than  20  to  25  %  of  lime  by  volume  should  be  avoided 
in  modern  practice. 

Within  the  last  5  or  6  yr.,  a  new  and  promising  type  of  stucco  has  been  marketed  as  a  pro- 
prietary product  by  a  number  of  competing  manufacturers.  This  material,  commonly  known 
as  magnesite  stucco,  is  a  mixture  of  magnesium  oxide,  sand,  asbestos,  and  other  fillers,  and  w^hen 
gaged  with  a  solution  of  magnesium  chloride,  forms  a  plastic  mortar  which  develops  a  strength 
comparable  with  that  of  Portland  cement  mortar.  As  a  stucco  it  has  certain  advantages  over 
Portland  cement  stucco,  the  chief  of  which  are  greater  plasticity,  greater  flexibiity,  and  the  fact 
that  it  can  be  applied  without  injury  in  freezing  weather.  Its  greater  flexibility  and  low  volume 
change  also  allow  it  to  be  applied  to  bases  less  suitable  for  Portland  cement  stucco, — e.  g., 
wood  lath  of  various  types.  On  the  other  hand,  its  chief  disadvantages  are:  intrinsically  high 
cost,  low  resistance  to  the  action  of  water  and  continued  dampness,  its  tendency  to  corrode 
metal  lath,  and  the  present  necessity  for  obtaining  all  materials  and  ingredients  from  the  manu- 
facturers. The  lack  of  complete  information  regarding  the  properties  and  characteristics  of 
the  cementing  materials,  and  the  lack  of  specifications  which  will  insure  the  quality  of  the 
finished  product  are  the  chief  reasons  for  a  conservative  attitude  toward  magnesite  stucco  at 
the  present  time. 


GYPSUM  AND  GYPSUM  PRODUCTS 

Pure  gypsum  is  hydrous  calcium  sulphate, — i.e.,  calcium  sulphate  carrying  wat^r  of  crys- 
tallizaton.     Its  chemical  formula  is  CaSO*  +  2H2O. 

81.  Gypsum  Plasters. — Where  gypsum  is  heated  to  a  temperature  between  250  and  400 
deg.  F.,  it  loses  about  three-fourths  of  its  combined  water  and  the  calcined  product  is  known  com- 
mercially as  Plaster  of  Paris.  This  product,  when  finely  powdered  and  mixed  with  water,  takes 
up  in  combination  as  much  water  as  it  lost  through  calcination  and  becomes  rigid,  or"  set", 
through  recrystallization. 

As  found  in  nature,  gypsum  contains  impurities,  such  as  Si02,  ALjOj  and  FesOs,  CaCOj 
and  MgCOj.  If  these  impurities  or  substances  such  as  fiber,  added  for  the  purpose,  are  present 
in  the  calcined  product,  they  retard  setting;  and  such  gypsum  plasters  are  termed  "slow- 
setting."     Cement  plasters,  so  called,  are  gypsum  plasters  and  may  be  either  slow  or  fast  setting. 

By  calcining  gypsum  above  900  deg.  F.,  a  very  hard  ^oorin(r  'plaster  is  produced,  which  sets 
very  slowly.  Keene^s  cement  is  obtained  by  calcining  pure  gypsum  at  red  heat,  immersing  it 
in  an  alum  bath,  then  drying  and  calcining  it  again.  Mack^s  cement  is  dehydrated  gypsum 
mixed  with  0.4  %  of  sodium  or  potassium  sulphate.  This  plaster  takes  a  quick,  hard  and  dura- 
ble set  and  is  used  for  floorings  or  for  stuccoing  on  walls  and  ceilings. 

82.  Classification  of  Calcined  Gypsum  and  Gypsum  Plasters. — The  report  of  Committee 
C-11  of  the  A.S.T.M.,  rendered  in  June  1919,  sets  forth  in  detail  a  classification  of  calcined  gyp- 
sum as  follows: 
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Calcined  gypsum  is  divided  into  three  daases,  on  the  basis  of  its  purity,  as  follows: 

CUua  A. — Containing  not  less  than  88.4%  of  CaSOi  +  HHsO  if  partially  dehydrated,  or  not  less  than  87.6% 
of  Cad04  if  totally  dehydrated  (these  figures  correspond  to  00%  purity  in  the  raw  gypsum  rock). 

Claw  A  A. — Containing  not  less  tJian  71.7  %  of  CaS04  +  >^HsO  if  partially  dehydrated,  or  not  less  than  70.4  % 
of  CaS04  if  totally  dehydrated,  nor  more  than  the  similar  quantities  specified  for  Class  A  (these  figures  correspond 
to  75%  purity  in  the  raw  gypsum  rock). 

CUuM  il  A  A.— <^ntaining  not  less  than  60.5  %  of  CaS04  +  MHsO  if  partially  dehydrated,  or  not  less  than  59  % 
of  Ca904  if  totally  dehydrated,  nor  more  than  the  similar  quantities  specified  for  Class  AA  (these  fiigures  correspond 
to  64.5%  purity  in  the  raw  gypsum  rock). 

Phyeical  Properties. — Partially  calcined  gypsum  (all  classes)  shall  sot  in  not  less  than  10  nor  more  than  50  min. 
Calcined  gypsum  (all  classes)  may  be  sold  in  one  of  the  following  sises: 

No.  4.-~>Material  of  this  sise  shall  all  pass  an  8-mesh  sieve,  and  not  less  than  40  nor  more  than  60  %  of  it  shall 
pass  a  100-mesh  sieve. 

No.  5. — Material  of  this  sise  shall  all  pass  a  14-mesh  sieve,  and  not  less  than  60  nor  more  than  80  %  of  it  shall 
pass  a  100-mesh  sieve. 

No.  6. — Material  of  this  size  shall  all  pass  a  28-mesh  sieve,  and  not  less  than  80  %  of  it  shall  pass  a  100-mesh 
neve. 

Partially  calcined  gypsum  (all  classes)  when  mixed  with  water  to  form  a  paste  of  normal  consistency,  which  is 
molded  into  briquettes  and  allowed  to  set  until  dry,  shall  have  a  tensile  strength  of  not  less  than  100  lb.  per  sq  in. 

Partially  calcined  gyiMum  (all  classes)  when  mixed  with  water  to  form  a  paste  of  normal  consistency,  which  is 
then  molded  into  cylinders  4  in.  high  by  2  in.  in  diameter  and  allowed  to  set  until  dry,  shall  have  a  compressive 
strength  of  not  less  than  1000  lb.  per  sq.  in. 


The  same  committee  has  also  submitted  a  tentative  report  on  gypsiim  posters,  a  portion 
of  which  is  quoted  below. 

Beady  Mixed  Oyjteum  Piaster . — Ready-mixed  gypsum  plaster  is  a  plastering  material  in  which  the  predominat- 
ing oementitious  material  is  calcined  gypsum,  and  which  is  mixed  at  the  mill  with  all  the  constituent  parts  in  their 
proper  in'oportion.     It  requires  only  the  addition  of  water  to  make  it  ready  for  use. 

(a)  Scratch  or  First  Coat. — Ready  mixed  gypsum  plaster  shall  contain  not  more  than  two-thirds  by  weight 
of  sand.  The  remainder  shall  contain  not  less  than  75  %  of  its  weight  of  calcined  gypsum.  The  other  25  %  of  this 
remainder  may  be  hydrated  lime,  ground  clay,  retarder,  or  fiber. 

(b)  Browning  or  Second  Coat. — Not  more  than  75%  by  weight  of  the  ready-mixed  gypsum  plaster  shall  be 
sand.  The  remainder  shall  contain  not  less  than  75%  by  weight  of  calcined  gypsum.  The  other  25%  of  this 
remainder  may  be  hydrated  Ume,  ground  clay,  retarder  or  fiber,  but  not  Portland  or  other  hydraulic  cement. 

(<r)  Scratch  or  First  Coat. — This  plaster  shall  set  in  not  less  than  IH  uor  more  than  5  hr. 
(6)  Browning  cr  Second  Coat. — This  plaster  shall  set  in  not  less  than  2  nor  more  than  6  hr. 

(a)  Scratch  or  First  Coat. — Briquettes  made  of  this  plaster  shall  have  a  tensile  strength  of  not  less  than  50  lb. 
per  sq.  in. 

(b)  Browning  or  Second  Ck>at.— Briquettes  made  of  this  plaster  shall  have  a  tensile  strength  of  not  less  than 
40  lb.  per  sq.  in. 

Neat  Cfypeum  Plaater. — Neat  gsrpsum  plaster  is  a  plastering  material  in  which  not  less  than  85  %  of  the  cement- 
itious  material  is  calcined  gypsum,  mixed  at  the  mill  with  otner  material  in  their  proper  proportion. 

Neat  gypsum  plaster  shall  contain  not  less  than  85%  by  weight  of  calcined  gypsum.  The  remainder  shall 
be  hydrated  lime,  ground  clay,  asbestos,  retarder,  or  fiber.     It  shall  contain  no  Portland  or  other  hydraulic  cement. 

Briquettes  made  of  neat  gjrpsum  plaster  shall  have  a  tensile  strength  of  not  less  than  100  lb.  per  sq.  in. 

Gypeum  Wood  Fiber  Pltuter, — Gypsum  wood-fiber  plaster  is  a  gypsum  plaster  in  which  fiber  is  used  as  the 
aggregate. 

Oypsum  wood-fiber  plaster  shall  contain  not  less  than  80%  by  w:>ight  of  calcined  gypsum  and  not  less  than 
1  %  of  wood  fiber  made  from  a  non-staining  wood.  The  remainder  shall  be  composed  of  hydrated  lime,  ground  clay, 
asbestos,  sand,  or  retarder.     It  shall  contain  no  Portland  or  other  hydraulic  cement. 

Gypsum  wood-fiber  plaster  shall  set  in  not  less  than  1>$  nor  more  than  6  hr. 

Briquettes  made  of  gypsum  wood-fiber  plaster  shall  have  a  tensile  strength  of  not  less  than  100  lb.  per  sq.  in. 

Calcined  Cfypeum  for  White  or  Gray  Finished  Coat. — (a)  Calcined  gypsum  is  the  product  made  by  mechanical 
process  resulting  from  the  partial  (incomplete)  or  complete  dehydration  of  gypsum  by  means  of  heat. 

(6)  These  specifications  cover  two  grades  of  calcium  gypsum,  white  and  gray. 

CUcined  gypsum  for  white  or  gray  finishing  coat  shall  all  pass  through  a  14-meBh  sieve,  and  not  less  than 
60%  shall  pass  through  a  100-mesb  sieve. 

Calcined  gypeum  for  white  or  gray  finishing  coat  shall  set  in  not  less  than  20  min.  nor  more  than  3  hr. 

Briquettes  made  of  calcined  gypsum  for  white  or  gray  finishing  coat  shall  have  a  tensile  strength  of  not  Ipss 
than  200  lb.  per  sq.  in. 

Molding  Plaster. — The  requirements  for  molding  plaster  shall  be  as  given  in  specifications  for  calcined  gyp- 
sum for  white  or  gray  finishing  coat,  with  the  following  exception:  Molding  plaster  shall  set  in  not  less  than  10  nor 
more  than  40  min. 

Casting  PUuter. — The  requirements  for  casting  plaster  shall  be  as  given  in  specifications  for  calcined  gypsum 
for  white  <»■  gray  finishing  coat. 

Finish  Coote.— Material  for  trowel  or  smooth  finish  shall  be  composed  of  lime  putty  and  calcined  gypsum, 
white  or  gray.  The  prop<Mtion  of  calcined  gypsum  and  lime  putty  shall  be  varied  according  to  the  season  of  the 
yenr  and  the  only  practical  method  is  to  permit  the  experienced  mechanic  to  use  his  judgment  as  to  the  proportion 
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8S.     GypBum     Products. — Gypsum 

plaster  board,  gypsum  wall  board,  gypsvm 
wall  tile,  and  other  formed  buildinf;  pro- 
ducts are  made  from  calcined  gypBum 
mixed  with  various  aggregates,  such  aa 
fiber,  wood-pulp,  etc.  (see  pp.  934  and 
035).  They  are  molded  as  uoita  by- 
various  processes  and  supplied  ready  to 
place  on  the  job. 

SSo.  Gypsum     Piaster 

Board.' — Gypsum    plaster    boards    are 

used  as  a  sheet  lath  or  base  for  gypsum 

kottplaater  board.    Nate   plaster  On  walls.  Ceilings,  and  partitions 

aypaum.  on  the  interior  of  buildings. 


Gypaum  ptaater  board  ahall  f  oniiat  of  sheet!  or  alabs  composed  of 
r,  with  or  without  Sber,  reinforced  OD  the  surfaoe  with  ehip  board,  o 
erage  not  less  than  tlie  following: 
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H  in*  thick  with  pemuaflible  local  variAtiont  of  H«  in.  plus  or  minu*.  and  the  thickneaa  at  any  point  in  the 

board  shall  not  be  less  than  3^  in. 
Ks  in-  thick  with  permissible  local  variations  of  He  in.  plus  or  minus,  and  the  thickness  at  any  point  in  the 

board  shall  not  be  less  than  M  e  in* 
yi  in.  thick  with  permissible  Iqcal  variations  of  He  in.  plus  or  minus,  and  the  thickness  at  any  point  in  the 

board  shall  not  be  less  than  He  in. 
The  width  shall  be  32  in.  with  a  permissible  variation  of  y^  in.  less  than  the  dimension  specified,  and  the  length 
shall  be  24,  36,  or  48  in.  with  a  permissible  variation  of  H  in.  plus  or  minus. 

Unless  otherwise  specifically  stated  in  the  order,  plaster  boards  of  the  widths  specified  and  in  lengths  of  18  and 
30  in.  may  be  included  in  amount  not  exceeding  5  %  of  any  single  car  load- 

The  weight  per  thousand  square  feet  of  plaster  lH)ard  shall  conform  to  the  following: 
For  yi  in.  thick,  not  leas  than  1600  nor  more  than  2000  lb. 
For  He  in.  thick,  not  less  than  1250  nor  more  than  1600  lb. 
For  H  in.  thick,  not  leas  than  1200  nor  mors  than  1500  lb. 
Strength  test  samples  shall  be  12  in.  wide  and  approximately  18  in.  long,  and  when  tested  shall  be  supported 
on  parallel  knife  edge  bearings  spaced  16  in.  and  loaded  through  a  similar  bearing  midway  between  the  supports. 
When  tested  as  deseribed«  fft»rpi<M»  taken  from  the  plaster  boards  shall  carry  not  less  than  the  following  loads: 


Thickness 
(inches) 

Load 

Stress  across  fiber 

of  surfacing 

(pounds) 

Stress  parallel  with  fiber 

of  surfacing 

(pounds) 

H 

He 
H 

40 

>  to  be  determined  by  committee 

20 

>  to  be  detenmned  by  committee 

The  minimum  acceptable  strength  shall  be  not  leas  than  5  lb.  below  the  average  given. 

Samples  tested  shall  fail  by  rupture  of  the  surfacing  and  core  and  not  by  the  breaking  of  the  bond  between  the 
surfacing  aod  the  core. 

Gypsum  plaster  boards  shall  be  shipped  so  as  to  be  kept  dry  and  free  from  injury.  Each  board  shall  be  plainly 
labeled  with  the  name  of  the  brand  and  of  the  manufacturer. 

Gypsum  plaster  boards  shall  conform  to  the  foregoing  requirements  and  shall  be  tested  as  provided  for  above 
when  determining  their  strength.  Plaster  boards  may  be  rejected  upon  the  failure  to  conform  to  any  of  the  fore- 
going requirements. 

8S&.  Gypsum  Wall  Board.  * — GyiMum  wall  boards  are  used  without  plaster 
coatings,  as  a  finish  on  walls,  ceilings,  and  partitions  on  the  interior  of  buildings. 

Gypsum  wall  board  shall  consist  of  sheets  or  slabs  composed  df  a  layer  of  hydrated  gypsum  plaster  with  or 
without  fiber,  and  a  surfacing  of  chip  or  manilla  board  on  both  sides. 

The  thickness  shall  average  not  less  than  ^  in.  with  permissible  local  variations  of  Ha  in-  plus  or  minus,  and 
the  thickness  at  any  point  in  the  board  shall  not  be  less  than  He  iQ- 

Where  the  wall  boards  are  to  be  laid  with  joints  butted,  the  width  shall  be  82,  36,  or  48  in.  with  a  permissible 
variaticm  of  Ha  in-f  plus  or  minus.  Where  the  joints  are  to  be  filled  with  joint  filler,  the  width  shall  be  31^, 
35Hf  or  47^4  in.  with  a  permissible  variation  of  Ha  in-  plus  or  minus.  The  length  shall  be  4,  5,  6,  7,  8,  9,  or  10  ft. 
witn  a  permissible  variation  of  %  in.  plus  or  minus. 

The  weight  snail  be  not  less  than  1500  nor  more  than  2000  lb.  per  thousand  square  feet  of  wall  board. 

Strength  tests  samples  shall  be  12  in.  wide  and  approximately  18  in.  long,  and  when  tested  shall  be  supported 
on  paralld  knife-edge  bearings  spaced  16  in.  and  loaded  through  a  similar  bearing  midway  between  the  supports. 

Suoh  samxdes  taken  from  the  wall  boards  shall  carry  a  load  of  not  less  than  80  lb.  when  the  line  of  the  supports 
is  at  right  angles  to  the  direction  of  the  fiber  of  the  surfacing,  and  not  less  than  32  lb.  when  the  line  of  the  supports 
is  paralld  to  the  fiber  of  the  surfacing. 

Samples  tested  shall  fail  by  rupture  of  the  surfacing  and  core  and  not  by  the  breaking  of  the  bond  between 
the  surfacing  and  the  core. 

The  oores  shall  consist  of  hydrated  calcined  gyjMum  plaster  to  which  may  be  added  not  to  exceed  15  %  by  weight 
of  sawdust  or  other  vegetable  fiber  intimately  mixed.  <>ores  shall  be  of  sufficient  thickness  throughout  to  make 
the  finished  product. 

The  surfacing  material  shall  be  composed  of  plain  chip,  manilla  filled  news,  or  other  stock  of  the  same  general 
oharacter  containing  sufficient  sixing  to  meet  the  following  conditions: 

Samples  of  the  finished  wall  board  shall  sustain  a  static  head  of  1  In.  of  water  (confined  within  a  2-in.  ring 

on  either  of  the  surfaces  of  the  board)  for  a  period  of  not  less  than  2  hr.  without  penetrating  the  surface  suffi- 

eiently  to  stain  the  core. 

^  Fh>m  report  of  Committee  Oil,  A.S.T.M.,  June.  1919. 


938 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  1-SSc 


The  surfacing  material  shall  completely  cover  the  two  larger  faces  of  the  core  and  shall  be  securely  bonded 

to  it. 

The  surface  designed  to  be  exposed  on  erection  shall  be  true  and  free  from  imperfections  that  would  render  the 
wall  boards  unfit  for  use  with  or  without  decoration.  The  edges  and  ends  shall  be  straight  and  solid.  Where  wall 
boards  are  to  be  butted,  the  corners  shall  be  square  with  both  side  edges.  In  cases  where  the  joints  are  to  be  filled, 
the  joints  shall  be  square  with  both  side  edges,  with  a  permissible  variation  of  H  in-  in  the  full  width  <rf  the  boards. 
The  finished  product  shall  be  dry  and  free  from  cracks  and  imperfections  that  would  render  such  boards  unfit  for 
use. 

83c.  Gypsum. Tile.  1 — Gypsum  tile  for  non-bearing  fire  walls,  partitions,  and 
enclosures,  and  for  furring  the  inside  or  outside  of  other  walls,  consists  of  hollow  or  solid  tile  or 
blocks  which  are  manufactured  at  the  mills  and  are  delivered  for  erection  on  the  building  site. 

Generally,  gypsum  tile  consists  of  about  96  %  finely  ground  calcined  gsrpsum  uniformly  mixed  with  from  2  to 
6%  by  weight  of  fibrous  material,  this  compound  being  mixed  to  a  plastic  state  with  water,  and  molded  in  the 
form  of  the  desired  units. 

Commercial  standard  siaes  and  weights  per  square  foot  for  the  uses  stated  are  about  as  follows: 

IH-in-  «pKt  furring  (IH  X  12  X  30in.) 4.9  lb. 

2-in.  split  furring  (2  X  12  X  30  in.) 9.4  lb. 

IH-in.  solid  tile  or  block  {1)4  X  12  X  30  in.) 7.2  lb. 

2-in.  soUd  tUe  or  block  (2  X  12  X  30  in.) 9.4  lb. 

8-in.  hollow  tile  or  block  (3  X  12  X  30  in.) 9.4  lb. 

4-in.  hoUow  tile  or  block  (4  X  12  X  30  in.) 13.0  lb. 

6-in.  hollow  tile  or  block  (6  X  12  X  30  in.) 15.6  lb. 

6-in.  eoUd  tile  or  block  (6  X  12  X  30  in.) 20.0  lb. 

6-in.  hollow  tile  or  block  (6  X  12  X  30  in.) 16. 6  lb. 

in.  hollow  tile  or  block  (8  X  12  X  30  in.) 22.4  lb. 

Special  sises  of  gyiMum  tile  can  be  made  to  order  in  any  sise, 
thickness,  or  shape  to  meet  requirements. 

For  ventilation  ducts  or  special  construction  the  tile  can  be 
manufactured  with  one  or  both  faces  smooth  and  of  any  desired 
density  and  strength. 

Gypsum  plaster  tile  are  used  as  a  substitute  for  clay  tile, 
cement  blocks,  brick,  concrete,  metal  lath  and  plaster,  sheet 
metal,  and  wood  lath  and  plaster  in  the  following  nonbearing 
constructions: 

Corridor  walls,  partitions,  and  wall  furring. 

Fire  division  walls. 

Elevator,  stairway,  and  dumb  waiter  enclosures. 

Light  wells,  pipe  chases,  and  vent  ducts. 

Floor  fillers,  also  roof  fillers  for  insulating  purposes. 

False  columns,  pilasters,  etc. 


Fio.  6. — Showing  application  of  Sackett 
soffit  ceiling  on  reinforced  concrete  construc- 
tion. Note  how  flanges  of  steel  clips  imbedded 
in  concrete  joists  are  bent  each  way  holding 
Sackett  board  in  place. 


In  buildings  of  fireproof  construction  or  for  any  construction  required  to  be  of  high  fire-resisting  value,  gypaum 
tile  are  used  for  the  following,  in  addition  to  the  uses  (as  stated)  for  the  protection  of  combustible  construction: 

Non-bearing,  "fire"  or  "fire  division"  walls. 
Steel  girder,  truss  beam,  and  lintel  protection. 

All  partitions,  walls,  furring,  etc.,  should  be  started  upon  solid  flooring.  In  all  fireproof  buildings  they  should 
be  started  upon  fireprocrf  floor  or  other  fireproof  construction:  and  in  all  buildings  "fire"  or  "fire  division"  walls 
should  be  constructed  upon  fireproof  floors  or  fireproof  ed  etee^  supporting  beams  or  girders.  All  comers  should  be 
bonded,  and  connect'ons  to  other  walls  should  be  suitably  bonded  or  anchored. 

Generally,  gypsum  furring  should  be  laid  up  against  the  wall  or  partition  to  be  furred  and  be  securely  wired  or 
spiked  to  such.  Free  standing  furring  (not  against  a  wall  or  partition)  should  be  secured  by  metal  separators  spaced 
not  further  apart  than  3  ft.  in  any  direction. 

Trim,  grounds,  chair  rail  and  similar  fixtures  should  be  nailed  directiy  to  the  tile  or  block.  Black  boards, 
heavy  toUet  fixtures,  mantels,  etc.,  should  be  secured  to  2-in.  nailing  blocks  which  are  nailed  to  and  are  fidl  sise  of 
the  end  of  the  gypsum  tile. 

All  tile  construction,  furring,  girder,  truss,  beam,  and  lintel  protection  of  gypsum  should  be  laid  up  in  a  mortar 
composed  of  not  less  than  one  part  of  gypsum  plaster  to  not  more  than  two  parts  of  dean  sharp  sand  by  weight. 
Steel  construction  may  be  protected  by  pouring  the  gypsum  around  the  member  in  form  work  and  to  the  required 
thickness.     AH  door  buck  and  similar  framing  should  be  anchored  to  the  gypsum  construction  in  a  suitable  manner. 

In  "The  American  Architect"  for  April  14,  1918,  in  treating  of  Reinforced  Gypsum  Roof 
Tile,  the  following  mixing  precautions  and  suggestions  as  to  determination  of  strength  are  noted: 

^  This  material  supplied  by  V.  G.  M arani,  Chief  Eln^neer  of  the  Gypsum  Industries  Association. 
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Que  of  the  important  elementa  a£Fectiiig  the  strength  of  retnf oroed  gypaum  appears  to  be  the  percentage  of 
water  used  in  making  the  plastio  material.  The  percentage  of  water  referred  to  is  in  the  terms  of  weight.  As  a 
result  of  the  scant  attention  usually  given  to  the  amount  of  water  used  in  reinforoed  concrete  construction,  this 
matter  in  connection  with  the  use  of  gypsum  must  receive  careful  attention. 

It  is  proposed  that  the  worldng  stresses  be  based  on  the  ultimate  crushing  strength  of  a  cylinder  whose  height 
is  twice  its  diameter  and  based  either  on  a  dry  or  wet  test  piece.  There  is  scarcely  any  community  in  these  days 
that  does  not  afford  facilities  for  simple  compressive  tests,  and  in  the  absence  of  such  a  testing  apparatus  any 


Forms  In  Place 


Hanotrrvtf 

Ibrsuspmdtd 

ceilings 


Socket  ^  Place 


Fio.  6. 


intelligent  architect  or  contrhetor  could  construct  such  an  apparatus  on  the  lever  principle  and  at  a  nominal 
expense. 

A  test  cylinder  24  hr.  old  can  be  considered  as  a  wet  specimen;  and  a  dry  cylinder  (3  in.  in  diameter  and  6  in.  in 
height)  should  be  in  a  condition  of  constant  weight  within  a  period  of  15  to  20  days,  when  exposed,  during  the  time 
drying,  to  a  temperature  of  70  deg.  F.  under  normal  conditions.  To  hasten  the  drying  (to  constant  weight)  of  dry 
test  cylinders  to  within  a  week  or  less  the  specimens  should  be  kept  in  a  temperature  not  to  exceed  100  deg.  F.; 
and,  if  desired,  the  process  of  evaporation  or  drying  may  be  hastened  by  fans  or  other  artificial  moans.  It  is  im- 
portant, however,  that  the  tests  be  made  on  both  wet  and  dry  specimens,  and  the  least  value  obtained  used. 

It  is  true  that  this  procedure  involves  an  effort,  but  it  is  the 
only  rational  manner  of  establishing  a  working  stress  in  materials 
whose  strength  is  based  on  a  combinaticm  of  elements.  As  it  requires 
but  little  time  and  simple  equipment  to  dfitermine  the  ultimate 
strengths  of  gsrpsom,  there  is  no  reasonable  objection  to  the  method 
prc^KMsd.  In  the  case  of  reinforced  concrete  a  period  of  28  days 
would  be  necessary  for  testing,  and  this  time  is  not  always  avail- 
able; hence,  the  general  use  of  arbitrary  working  stresses.  Those 
accustomed  to  testing  concrete  are  aware  of  the  fact  that  under 
some  conditions  the  arbitrary  working  stresses  are  much  too  low 
and  are  so  established  to  make  safe  the  use  of  variable  materials 
and  poasible  careless  workmanship. 

With  the  use  of  the  method  of  establishing  the  working  stresses 
as  proposed,  there  is  no  doubt  but  that  the  use  of  this  material  can  be  employed  with  safety  and  economy,  as  it 
is  based  on  the  materials  actuaUy  used  on  the  job  and  not  on  a  supposed  or  assumed  condition. 


Fia.  7. — Metal  clip. 


METAL  LATH 


The  general  function  of  metal  lath  is  to  fonn  a  support,  background,  or  base,  to  which 
plaster  or  stucco  may  be  applied.  It  is  also  by  itself  put  to  other  uses,  such  as  making  lockers, 
register  faces,  etc.  In  its  larger  sizes  and  weights,  it  is  used  for  reinforcement  in  concrete  (see 
chapter  on  ''Concrete  Reinforcement")* 

All  metal  lath  is  furnished  painted,  asphaltum  dipped,  or  galvanized,  the  earlier  practice 
of  furnishing  the  material  untreated  having  been  discontinued  by  the  manufacturers.  Gal- 
vanized metal  lath  is  either  manufactured  from  galvanized  sheets  or  galvanized  after  manu- 
facture. 

84.  Kinds  of  Metal  Lath.^ — Metal  lath  may  be  classified  as  follows: 

>  Fh>m  Metal  Lath  Handbook  published  by  the  Associated  Metal  Lath  Mf  grs. 
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(1)  Expanded  metal  lath. 

Diamond  and  rectangular  mesh. 
Ribbed  lath. 
Corrugated  lath. 

(2)  Integral  lath,  reinforced  or  stiffened,  combining  the  functions  of  lath  and  studding. 

Expanded. 

Sheet — ^not  expanded. 

(3)  Sheet  lath. 

Flat  perforated. 

(4)  Wire  lath — ^woven  or  welded. 

Plain. 
Stiffened. 

84a.  Expanded  Metal  Lath.  » 

Diamond  and  Ractangular  Maoh 

The  American  Rolling  Mill  Company,  Middletown,  Ohio,  make  Imperial  tpiral  txpanded  lath,  sheets  16>^ 
X  00  in.,  10  sheets  or  12  sq.  yd.  to  the  bundle,  700  bundles  to  the  car.  24-gage  weighs  4H  lb.  per  sq.  yd.;  26-gage 
weighs  3H  lb.  per.  sq.  yd.    Furnished  in  Armoo  iron  or  steel. 


Fio.  8. — Expanded  metal  lath, 
diamond  mesh. 


Fxo.  9. — Expanded  metal  lath, 
rectangular  mesh. 


The  Berger  Manufacturing  Company,  Canton,  Ohio,  furnishes  B.  B.  diamond  mwh  lath  made  of  steel  or  Tonean 
metal,  in  sheets  18  X  96  in.,  of  the  following  gages: 


Gage 


Weight  per 
bundle 


Weight  per 
yard 


Yards  in 
100  1b. 


No.  27 
No.  26 
No.  25 
No.  24 


27H  lb. 
30  lb. 
36  lb. 
40H  lb. 


2Hlb. 
2Hlb. 
3  lb. 
3.4    lb. 


43 
40 
34 
29 


The  Berger  Manufacturing  Company  also  furnishes  a  Standard  expanded  metal  lath  in  the  following  sises: 

Sise  sheets — 26  ga.,  21  X  96  in.,  weight  2.2C  lb.  per  sq.  yd. 
Sise  sheets — 24  ga..  22  X  96  in.,  weight  2.90  lb.  per  sq.  yd.  ' 

The  only  difference  between  B.  B.  Lath  and  Standard  Lath  is  the  sise  of  the  mesh. 

The  Boetwick  Steel  Lath  Company,   Niles,  Ohio,  makes  "Diamond— A"  expanded  metal  lath,   packed  as 
follows,  sise  of  sheet  14  X  96  in.: 


Gage 


Sheets 
bundle 


Yards 
bundle 


Weight  per 
sq.  yd. 


No.  27 
No.  26 
No.  26 
No.  24 


20 
?0 
20 
20 


20 
20 
20 
20 


2.661b. 
3  lb. 
3.4  lb. 
4.2    lb. 


The  General  Fireproofing  Company,  Youngstown,  Ohio,  makes  Key  expanded  metal  lath  in  sheets  24  X  29  in. 
equal  to  I'H  sq>  yd.;  packed  15  sheets,  equal  to  26H  sq.  yd.  to  the  bundle. 
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Oa«e 


Weights  pei-  sq.  yd. 
painted,  lb. 


Galvaniied,  lb. 


No.  27 
No.  26 
No.  26 
No.  24 


2.30 
2.50 
3.06 
3.40 


2.73 
2.04 
3.32 
3.74 


The  North  Western  Expanded  Metal  Company,  Chicago,  manufactures  a  diamond  meeb  lath  with  a  slight 
" dip'*  to  the  strand.  The  trade  name  is  "  Kno-bum^**  but  when  made  from  a  special  acid-resisting  steel  sheet,  it  is 
known  as  "20th  Century  Lath." 

Either  lath  may  be  had  painted  or  galvanised  after  expanding.  The  f oUowing  data  apply  to  both  grades  of  this 
lath: 

Sises   of   sheets:  18  X  96  in.  and  24  X  96  in. 


Qage 


Weight 
per  bundle,  lb. 


Yards  per 
bundle 


Sheets  per 
bundle 


Weight  per 
yd.,  lb. 


Yards  in 
1001b. 


No.  27 
No.  26 
No.  26 
No.  24 


27H 
30 
36 
40H 


12 
12 
12 
12 


9 
9 
9 

9 


2H 
2H 
3.0 
3.4 


43 
40 
83H 
29H 


Add  ^^  to  1  lb.  per  square  yard  to  above  weights  when  galvanised  after  expansion. 

This  company  also  manufactures  Bureka  expanded  metal  lath  in  the  same  type  of  mesh  having  a  slightly  larger 
opening.     This  material  is  made  in  the  following  sises,  painted  or  cut  from  galvanised  sheets: 


Qage 


Sise  of 
sheets, 


w. 


Sheets  per 
bundle 


Yards  per 
bundle 


Weight  per 

bundle, 

lb. 


No.  26. 
No.  24. 
No.  22. 


21  X  96 

22  X  96 
22  X  96 


9 
9 
9 


14 


30.8 
42.6 
63.6 


Add  ^^  to  1  lb.  per  square  yard  for  this  lath  if  galvanised  after^expanding. 

The  Qarry  Iron  A  Steel  Company,  Niles,  Ohio,  makes  Oarry  expanded  metal  lath,  sheets  24  in.  wide  by  96  in. 
long,  packed  in  bundles  of  9  sheets  containing  16  sq.  yd.,  and  in  bundles  of  18  sheets  containing  32  sq.  yd.,  furnished 
in  27,  26,  25,  or  24-gBge,  painted,  weighing  as  follows: 

No.  27  gage 2H  lb. 

No,  26  gage 2^  lb. 

No.  26  gage 3      lb. 

No.  24  gage 3H  lb. 

Qalvanised  weighs  H  lb'  heavier.     This  lath  is  furnished  in  painted  or  galvanised  material. 

The  Penn  Metal  Company,  Boston,  Mass.,  manufactures  '*Peneo"  {trade-Tnark)  diamond  meeh  "D"  lath. 


Width, 


m. 


Length, 
in. 


Weight  per 
sq.  yd.,  lb. 


Sheets  in 
bundle 


Yards  in 
bundle 


No.  27  gage, 
No.  26  gage 
No.  25  gage 
No.  24  gage 
No.  22  gage, 


24 
24 
24 
24 
24 


96 
96 
96 
96 
96 


2>i 

2M 

2H  (or  3) 
3  (or  3.4) 
4 


9 
9 
9 
9 
9 


16 
16 
16 
16 
16 


An  U.  8.  Standard  gage.     Made  in  steel,  painted  or  galvanised;  also  "Hampton"  rust-resisting  metal. 
I,  add  approximately  H  lb.  per  sq.  yd.  to  above  weights. 


When 
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4  Mmg  m—h  laOu.     These  Uttaa,  when  mxlB  from  kdd-cc 
Tha  foUowlaa  d*U  mpply  to  "  SMalctsta  "  lath: 


D<«(DaUon 
of  diamond 
mobUth 

Ox. 

W«i<ht 
lb-  pec  yd. 

BiMOt 

■beet,  in. 

8h««t> 
I«  bundle 

Yuilaper 

bundle 

Z*-F 

M 

3  87 

24X97 

IS 

26. M 

26-F 

!5 

3.10 

24X97 

IS 

Z8.ee 

26-F 

se 

2.70 

24X97 

2e.ae 

27-F 

27 

2.48 

24X97 

IS 

2e.ae 

DeUil.  of  Oblong  Me.h  Utb                                                                        | 

A-22 

22 

4,37 

18X97 

15 

20 

B-27 

27 

2.41 

18X97 

IS 

20 

All  (beet  gBgea  an  U.  8.  BMndard.     Tbi 
Alto  lurniibed  (nlvuiiied  iftei  cutting. 
When  fslvKDiied  ifter  eipunioa.  add  i 


latbe  are  furniahed  painted  or  manufaetured  from  CAlvaoiaei 
When  cut  from  galvauiied  abeet,  add  0.4  lb.  peraq.  yd.  toabore  i 
lb.  pariq.  yd.  to  kbove  wtighlx. 


SIbbed  Ulh 


if  ffvrrinffbime  txpandtd  m 


Fio.  10. — Hemincbons  expanded  metal  latb,  two  typee. 

Btyle"A."— 8hMtal3H  X  96  in.,  equal  to  square  yard.  Packed  20  ah«U  to  the  bundle,  equal  to  20  aq.  yd. 
ffiae  of  mMb,  Mt  X  1  in. 

Gage  Painted  per  »q.  yd.  Qatvaniied  per  eq.  yd. 

No.  28. 3.001b,  3,7Slb. 

Style  "BB."— Sheets  20^  X  »6in.  equal  to  l^i  sq.  yd.     Packed  15  iheetaequal  to  22H  aq.  yd.  to  the  bundle. 

Siieof  meeh,  Tij  X  m  in. 

Case  PainUd  per  aq.  yd.  Oalvanited  per  iq.  yd. 

No.  27 2.25  lb.  2.821b. 

No.  20. ,. 2.50  1b.  Not  furniahed 

No,  24. 3.37  lb.  3,011b. 

No  22 4.21  lb.  Not  (uroiahed 

Style  "AAA." — TheribaiD  thiiityle  are  made  heaTier  than  in  tbe  "BB"  Herrinabone.  Gaiee,  pkckiiii,  and 
approdmsle  weiihU  p«r  square  yard  aa  followi;  Siie  lA  meeta.  Hi  X  IH  in.  Siie  of  aheeta.  IS  X  »&  in.— IH 
•q.  yd      Packed  IS  eheeta  (20  aq.  yd.)  to  the  bundle. 

Oaf*  Painted  per  aq,  yd,  Oalvaniied  per  «q,  yd. 
No,27                                                                              a,531b.  3.171b. 

No.  2S  2.81  lb.  Notfurniebed 

No.24  3,7Slb.  4,3Slb, 

No,  22  4 .  74  lb  Not  fumiabed 
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Tbs  Truwed  Conarate  Steel  CompaDr,  Yammtiiwii,  Ohio,  makea  iti  tiandard  rib  lalk  (Fif.  11)  in  ibeeta 
of  31  X  <H  in.,  paoksd  12  ihneta  to  the  bundle  or  ISH  eq-  yd.  Furaubed  piiated  in  open  hearth  tteel,  coppo- 
bearing  atsel.  or  pure  iroa.  No,  1  grade  weiahi  2.72  lb.  per  iq.  yd.;  No.  2  icnuie  wnghi  3.10  lb.  per  iq.  yd.; 
and  No.  4  crade  veiKha  4.0S  lb.  per  eq.  yd. 

Thia  eompaoy  alao  nuika*  the  beaded  ptate  of  (ffu  A  rib  lath  (Tit.  12),  vlueh  ii  heavin'  and  mot*  rigid,  and 
pA^U  <d  wider  ipnoing.     Uade  ia  iheete  ISH  X  Bfl  la.     Packed  16  aheeli  to  tlie  bundle  or  18M  *q-  yd. 

Qiade  Wd(ht  per  eq.  yd.  for  valla  for  eeilinia 

.  (oeater  to  oentai)  (oenter  to  cento) 

No.l-A a.ealb  ISlo.  ISin. 


Fumiahed  painted  in  open  hearth  steel,  eoppez^bearing  ateel  or  puM  iron. 

Another  type  at  lath  maDufactured  by  the  Tnuaed  Conciete  Steel  Company  b  known  n"B"  riblalli,  whtob 
ia  vary  wmH^p  to  the  standard  lath,  but  aomewhat  lighter,  and  with  a  greater  eipannon,  made  in  ehoeti  2fi  X  EM 
ID.,  paoked  in  bundlea  containing  10  aheete.  or  ISH  yd.  Rib  lath  No.  1-B  grade  weighe  2.2a  lb.  per  aq.  rd.i  lib 
lath  No.  3-B  grade  weigha  2.gfi  lb.  per  eq.  yd.,  and  rib  tath  No.  4-B  grade  woigb*  3.43  lb.  per  aq.  yd. 

Three-dghthn  inch  H^Rib  (Sii  Rib)  ie  manufactured  in  eheeta  20  in.  wide  and  in  leuEtha  ol  fl,  S,  10  and  12  ft., 
W  lensLba  oan  be  fumiahed  (aee  Art.  I30a  and  Fig.  30,  p.  972).     It  ii  supplied  paintad  in  open  hMrth 


Pia.  I 


i£lKC^^<^ 


mSMM€^ 


£C^^^€C^€ 


f^o.  12.— Type  A 


eteeL  eopper^iearing  ateel,  or  pure  iron.  No.  28  gage  weigtu  S.S7  lb.  par  »q.  yd.;  No.  26  vige  weiglu  4.3SIb.  pel 
■q.  yd.;  and  No.  24  gage  weighs  5.72  ib.  per  aq.  yd. 

The  Corrugated  Bar  Co.,  Buffalo,  N.  Y..  manufacluree  "Corr-Afwli"  toM  CFig.  31,  p.  BTI)  which  haa  Hba  He 
in.  high,  epaced  3  in.  c.  to  o.  The  aheeU  an  IB  in.  wide  and  are  earried  in  slock  for  prompt  shipment  in  both 
painted  material  and  manufsotund  from  galvanised  sheets  of  No.  24,  No.  26,  and  No.  2S  gagBi.  In  6,  8,  and  12-ft. 
lengths.  Intermediate  and  shorter  lengths  are  cut  without  addidongj  charge,  but  any  multing  waite  ie  chsriHl 
to  pnrshuer.  Ceer-Meah  lath  oan  alwi  be  furnished  manufsctured  from  No.  25  and  No.  27  gagea,  and  in  apeeial 
leogtha,  Bubjeet  to  the  usual  delay  depending  on  mill  shipment  of  the  sheets.  Con^Moh  lath  is  shipped  in  quan- 
tities of  BTsn  bundlea  of  12  aheete  of  (he  same  length. 

In  ordering  make  na  aDowanee  tor  aide  lap*.  For  celUiiv,  partitions,  and  interior  f  aning,  and  laps  arc  stac- 
ga»d  and.  if  work  is  properly  laid  out.  3-in,  end  laps  are  euffident.  For  eiterior  ataeeo  construction,  whan  tit* 
set  w  tempemton  fdnforeement,  end  laps  should  sugger  and  be  not  lets  than  6  in. 

Hie  Pann  Metal  Company,  BcatMi,  Maar,  manulseturts  "Pmco"  {b-adt-wiark)  ribbtd  loU. 

Okga  SiK  of  sheets  Weight  per  sq.  yd, 

A-23 IS  X  Se  in.  4M  lb. 


U.  S.  Standard  gage.     Made  In  steel,   painted  or  galvaniied:  ako  "Hampton"  ruitHwisting  metsl.     Whan 
fatniabed  galvanlted,  add  H  lb.  (approiiniatelyl  prr  sq.  yd.  to  above  wvighu. 

Corragatsd  Lath 

Sykei  Metal  Uth  A  Roofing  Company.  Warren.  Ohio,  makes  the  Siiia  apandtd  mp  laih,  self-furring,  for- 
nished  with  an  anti-rust  coating,  painted  bUok  or  galvanised.  Shsels  18  X  06  In.,  packed  in  bundles  ql  IS  aheeta. 
eontaining  20sq,  yd.  No.  27  gage  weigha  2.8  Ib.  per  *q.  yd.:  No.  2S  gage  weighs  3.0  lb.  per  sq.  yd.;  and  No.  M 
(age  weighs  3.7  Ib.  par  eq.  yd. 
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The  Oury  Imm  ft  Steel  CompBoy,  Nik*.  Ohio,  nukca  the  "  CUrtlonil "  lath,  wtiioh  !•  k  eomitatsd  dumond  nutfi 
made  in  two  grades.  "A"  ksd  "fi."  Eitber  crmda  DWjr  be  had  paloted  «  nJvuiiied.  In  eatloutlnc  add  M  Ib- 
per  ag.  yd.  (or  ■alraoliliif. 

OkC*  aiie  oi  aheela  Wdcht  per  eq.  yd.  Sbeeta  to  bundle  Yanl*  to  btindl* 

No.  A-37 ISM  X  H  la.  3M  lb.  18  33 

Ha.  A-2i leHxasin.  4      lb.  18  23 

No.  B-27 IS      XBSin.  3^  lb.  IS  30 

No.  B-M IS      X  96  id.  3M  lb.  W  ^  30 

The  Nortli  WeaterD  Expanded  Metal- CompMiy.  Chkaco,  III.,  iathe  manufaoturo'  ol  "  Kn«-Fw"  tath,  hannc 
onruMtiane  lunning  obliquely  acnaa  the  aheata  at  tha  ume  ancle  aa  the  itrand  of  the  meih,  Thia  ownisation 
oi"tru«a"(ivea  thelatharcatar  ricidity.  Tlie  conuaation  acta  a«  a  turHnc  atrip,  therefore  thia  btb  ii  lell-furriiic. 
Fumiihed  painted  or  lajvanjied. 

Oaca  Siae  of  abeeta  Veicht  neitq.yd.         Sheeta  per  bundla         Weight  per  bundle 

N0.3S leHxeeln.  2.4    lb.  9  3131b. 

No.  34 30H  X  96  in.  S.OSlb.  B  4.31b. 

84b.  Integral  Latli. — Reinforced  or  stiffened,  combining  the  functioDB  o{  lath  and 
studding,  ia  a  ribbed  expanded  metal  reinforcement  used  for  the  constnictton  of  concrete 
roofs,  walla,  partitions,  ceilingB,  etc.  For  roofs  and  floors  it  acts  aa  both  form  and  reinforce- 
ment. For  walls  and  partitions  it  combines  the  functions  of  lath  and  studding.  For  ceilings  it 
is  a  one-piece  lath  and  furring. 


Pio.  14.— "Tn«dt". 

Sheet  is  not  expanded.  It  ia  a  fabric  having  the  same  functions  as  one  stiffened,  in  which 
the  openiiiKS  between  the  ribs  are  made  by  punching  or  perforating  the  sheet  rather  than 
expanding  it  laterally. 

The  Amerioan  ROUioa  Mill  Company,  MiddleCown,  Ohio,  malua  trvH  irufot toU  (Fig.  13].  Stock  aiie  iheeta 
3ax  06in.  equal  to  17H  aq-  ft.  Packed  in  eratea  BODtaioing  390  aq.  ft.  BpKaal  eiu  ebt»U  are  furtuibed  when 
deaired.  No.  ZS  gag*  weight  80  lb.  per  100  aq.  ft.  and  No.  28  gage  weigh*  68.7  lb.  per  100  aq.  It.  Fumithed  in 
Anneo  iron  or  tt«al. 

The  General  Pireproofing  Company.  ¥oijngitown,  Ohio,  makea  BtV-StBlrrine  (hb  Art.  130c,  and  Fig.  33  p.  073). 

Thia  oompatiy  alao  DUtke*  a  fabrio  known  aa  "  T'rwttl"  in  gheeta  (Fii.  14),  the  atandard  eiaa  of  whinh  i* 
IS  X  96  in.  Abo  carried  in  itoeklencthaol  8, 10,  and  12  ft.,  u  weD  aaS  It.  4-in.  lengthain  No.  27  gage.  Paaked 
10  ahseta  to  a  bundle. 

Gage  Waicht  painted  Weight  galvanlaed 

per  aq  [t.  per  aq.  ft. 

No.  27 O.S7  1b.  0.68  lb. 

No.  28 0.62  1b.  Not  made 

No  34 0.831b.  O.SSlb. 

The  North  Wsatern  Eipanded  Metal  Company,  Chioago,  tllino^  ig  a  masufaoturer  oC  "  Chaintlath"  (aee 
Art.  130d  and  Fig.  33.  p.  073). 

The  Tnuaed  Conorete  Bteel  Company,  Younntown,  Ohio,  ia  the  manufaoturo  of  " Hv-R<b,"  of  which  there 
an  three  typee  (eee  Art.  13Uii,  and  Fig.  30,  p.  972). 

The  Corrugated  Bar  Company,  Buffalo.  N.  Y.,  manufacturee  "  Corr-Mesh,"  a  material  with  longitudinal  rib* 
oonneetad  by  diamoad-ehaped  eipanded  metal  m«h  (aee  Art.  1306  and  Fig.  31,  p.  973). 

The  Berger  Mmufacturing  Company.  Canton,  OUo,  la  a  manufacturar  of  Bib  Trutr,  whioh  i*  nude  in  aldth* 
of  34  in.,  and  in  tlock  lengtha  of  4,  6,  6,  8,  10  and  13  ft. 


BVILDINQ  MATERIALS 


Otv 

WeWit  pet  m.  yd. 

IH-la-  lib 

H-m.  rib 

1-ln.  rib 

No.  ar 

No.  28 
No.  28 

No.  24 

nib. 

SSIb. 
114  lb. 

TBIb. 

SB  lb. 
Mlb. 
125  lb. 

83  lb. 

SSlb. 
1001b. 
1331b. 

Tfa«  Boatwick  Sl«el  Uilli  Compuiy.  Nile*,  Ohio.  muiufaetUN*  IVu«  K-fiit.  Sua  ol  iheaU  21  X  M  is. 
(Can  b*  {urniBhBd  in  loncx  l>n(tb*  it  dtrirad.)     An*  of  ahect.  14  iq.  It.     Paoksd  lOihaetito  the  bundle. 

Oaie  WsUbt  per  abeat 

No.  24 IS       lb. 

No.  28 12        lb. 

No.  28 e.gS  lb. 

Tha  Paon  Metal  Company,  BoatoD.  Maa.,  ia  a  maanfactunr  of  "Pmeo"  (tradt-marh'i  "  Bib-Centtring"  (Fig. 
IS)  miul*  in  two  typea. 

Beifbt  of  rib  Diatanoa  apart  <A  riba  nidtb 

atyteE <H*in.  4  in.  2S  in. 

Style  O 'Main.  Sin.  34  in. 

Stoek  alaa  of  aheeta.  6,  8.  10  and  12  ft..  Can  rnnka  Intermediata  aJHa  to  order  {without  ertni).  Mads  in 
ataal,  painted  or  caJTaniaad;  alao  "Hampton"  nut-reaiatinc  matal.  Alao  fumlahed  curved  to  any  radiua  for  oen- 
tering  arched  Boon.  eto.     No  allowanoe  need  be  made  (or  aide  lapa.     End  lapa,  over  aupporta.  ahould  be  2  in., 


Pto.  IS. — "Ponoo"  rib-renterinf. 

Stc  Sheet  LaO.— The  Amerioan  Rdllac  Min  Company,  Middletowt 
ol  CKruAir  loU,  whieh  la  made  in  aheeta  13H  X  BO  in.  or  1  aq.  yd.,  paoked  10  theeU  to  the  bundle,  and  7fi0 
bundle*  to  the  ear.     It  ia  m*d*  of  No.  28  t*Ca  ateel  or  Anneo  iron,  and  weisha  4H  lb.  to  the  gq.  yd. 

The  Boatwiek  Stnl  Lath  Company.  Nilea,  Ohio,  ia  the  manutaoturer  of  "  rrMr.irfop "  laOi.     The  metal  r«- 
aultiac  from  tha  perforatiDn   of  tha  lath  la  foldod  b*ok  into  a  loop  or  reinfor«ment.     Thia  lath  ii 
"painted"  unleaa  otherwiae  apedfied. 


Kaea  width. 

L«n,th. 
In. 

Foroentera, 
in. 

Sheetaper 
bundle 

Yardaper 
bundle 

Wel,ht  par 
bundle,  lb. 

IBM 
18K 

»8 
SO 
98 

IS  and  12 
20  and  18 
24  and  IB 

10 
10 
10 

10 
ITM 

SO 
SO 
88 

BpeeiaINo 

24  XXX 

18W 

» 

10 

10 

80 

946 
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The  General  Fireproofing  Compaay,  Youagstown,  Ohio,  makes  "Genfire"  ake^  ttsd  UUh  weighing  4H  lb. 
per  sq.  yd.,  and  packed  10  sheets  to  the  bundle.  It  is  always  furnished  painted  unless  otherwise  specified.  Sheets 
13H  X  96  in.  equal  to  1  sq.  yd.     Sheets  24  X  96  in.  equal  to  1]^  sq.  yd. 

The  Penn  Metal  Company,  Boston,  Mass.,  manufactures  Penco  (trade  mark)  aheet  lath  (Fig.  16). 


Hise  of  sheet 
24  X  96  in. 


Sheets  in  bundle 
10 


Yards  in  bundle 
15H 


Weight  per  sq.  yd. 


Furnished  in  steel,  painted  or  galvanised;  also  "Hampton"  rust-resisting  steel. 

The  Sykes  Metal  Lath  ic  Roofing  Company,  Warren,  Ohio,  makes  the  SyktM  trouoh  sheet  latht  either  with  anti- 
rust  coating  or  painted,  weighing  5  lb.  per  sq.  yd. 


Sixe  of  sheets 

Sheets  to  bundle 

Yards  to  bundle 

13H  X  96 
18H  X  96 
23H  X  96 

10 
9 
9 

10 

12>^ 

15?i 

84d.  Wire  Lath. — Woven  wire  lath  is  manufactured  by  the  Clinton  Wire  Cloth 
Company  of  Clinton,  Mass.,  Buffalo  Wire  Works  Company,  Buffalo^  N.  Y.,  and  Roebling's 
Sons  Company,  Trenton,  N.  J.,  and  is  furnished  with  or  without  stiffeners  which  are  either  rods 
or  V-shaped  ribs  running  through  the  wire  mesh  to  reinforce  and  stiffen  it.  It  is  supplied 
painted  or  galvanized  after  weaving. 

The  following  weights,  published  by  one  of  the  manufacturers,  may  be  taken  as  typical: 


Description 

Painted  per  sq.  yd., 
lb. 

Galvanised  per  sq.  yd., 
lb. 

No.  18  case,  with  sti^ener 

4.05 

3.225 

3.33 

2.475 

2.700 

1.817 

2.400 

5.250 
4.050 
4.350 
3.150 
3.750 
2.475 
3.330 
2.100 

No.  18  eaiEe.  without  stiffener 

No.  19  eaoe.  with  stiffener < 

No.  19  iTAffe.  without  stiffener 

Nn.  20  BTAffft.  mrith  fltiffnnnr 

No.  20  ffaoe.  without  stiffener  r  r 

No.  21  ffaee.  with  stiffener 

No.  21  irase.  without  stiffener 

1.500 

86.  General  Uses. — Metal  lath  is  used  for  lathing  ceilings,  walls,  and  partitions  of  wood- 
joisted  and  studded  buildings;  for  suspended  ceilings,  solid  partitions,  hollow  partitions,  and 
ornamental  plastering  in  the  firejesistive  type  of  buildings;  and  as  a  base  for  exterior  stucco  on 
houses,  barns,  garages,  and  other  types  of  frame  buildings.  Integral  lath  may  be  used  as  a  form 
and  reinforcement  for  light  floor  and  roof  slabs,  as  may  also  other  special  types  of  lath 
made  by  different  manufacturers.  Metal  lath  has  developed  from  a  specialty  in  fireproof  con- 
struction to  a  staple  base  for  plastering  in  every  type  of  building.  Fabrics  expanded  from  heav- 
ier sheets  of  metal  are  largely  used  for  reinforcing  floors,  walls,  roads,  pavements,  etc. 

Wlien  used  against  masonry  walls,  metal  lath  is  applied  either  to  wood  furring  strips,  or 
to  furring  consisting  of  Ke-i^L  pencil  rods  or  J^-in.  crimped  furring,  so  as  to  insure  a  "key" 
for  the  plaster  and  provide  the  requisite  air  space.  When  the  integral  type  is  used,  furring  is 
not  required,  as  the  ribs  act  as  furring. 

When  expanded  metal  lath  is  used  for  solid  partitions,  suitable  small  structural  steel  mem- 
bers, usually  ^  or  1-in.  channels  are  used  as  studs.  The  integral  type  of  lath  with  ribs  ^  in. 
or  more  deep  may  be  used  without  studs. 

When  metal  lath  is  used  on  suspended  ceilings  and  for  ornamental  plastering  work,  a  sup- 
porting structural  frame  of  flats,  angles,  and  channels  should  be  Specifically  called  for.  Where 
integral  lath  is  used,  the  auxiliary  channels  for  support  may  be  omitted  as  the  ribs  support  and 
stiffen  the  lath  so  that  it  may  be  attached  directly  to  the  flats  or  angles. 

V 
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All  fturinc  for  suspended  or  clipped  ceilings  shall  be  of  sufficient  weight  and  strength  to  support  the  load 
imposed  and  shall  consist  of  at  least  ^-in.  channels  or  their  equivalent  for  spans  up  to  5  ft.,  and  not  lighter  than 
1  X  M  X  ^'VD,'  channels  or  other  approved  sections  of  equivalent  strength  for  spans  up  to  7  ft.  The  spacing 
of  furring  bars  shall  correspond  with  the  type  of  lath  used.  For  spans  over  7  ft.,  the  sectional  area  and  the  strength 
of  furring  bars  shall  be  increased  proportionately  or  intermediate  supports  shall  be  provided,  of  hangers  or  clips 
aeouxely  fastened  to  the  bottom  flanges  of  steel  beams  or  anchored  to  the  arch  construction  above.  All  supporting 
dips  used  for  the  purpose  of  receiving  and  supporting  the  furring  bars  for  ceilings  shall  be  made  from  stock  weighing 
not  less  than  0.4  lb.  per  Un.  ft.  and  of  sufficient  strength  to  sustain  the  dead  load  imposed. 

Cross  furred  and  suspended  ceilings  shall  be  constructed  of  continuous  running  bars  equivalent  in  strength 
and  sectional  area  to  a  IH  X  IM  X  Me-iu.  angle  suspended  by  hangers  from  the  lower  flanges  of  the  structural 
steel  framing.  The  cross-furring  shall  be  securely  bolted  or  clipped  to  or  passed  through  the  running  bars.  If 
"  hainun  *'  clips  are  used,  they  shall  be  of  not  less  than  No.  0  annealed  and  galvanised  wire  and  shall  pass  up  on  both 
sides  of  the  furring  bar  and  be  securely  hooked  over  the  running  bar.  The  hangers  shall  be  of  not  less  than  1  X 
^e-in.  flats,  clamped  to  both  sides  of  the  steel  b^uns. 

Clipped  ceilings  shall  be  not  more  than  4  in.  below  the  steel  beams. 

Bolts  used  for  attaching  running  bars  to  hangers  shall  be  not  less  than  ^  in.  in  diameter  and  for  attaching  fur- 
ring irons  to  running  bars  not  less  than  yi-in.  bolts  shall  be  used. 

In  the  case  of  heavy  ornamental  ceiling  work,  special  provision  shall  be  made  to  sustain  the  load. 

All  expanded  metal  and  sheet  metal  shall  be  not  lighter  than  No.  27  U.  S.  gage  galvanised,  painted  with  an 
asphaltum  compound  or  japanned.  All  wire  lath  shall  be  not  lighter  than  No.  20  U.  S.  gage  galvanised,  painted 
with  an  asphaltum  compound,  or  japanned. 

For  illustrated  details  for  the  construction  of  suspended  ceilings  see  the  Metal  Lath  Hand- 
book published  by  the  Associated  Metal  Lath  Manufacturers. 

86.  Weight  and  Gage. — It  is  recommended  that  metal  lath  be  specified  by  weight  as  well 
as  by  gage.  The  manufacturers  are  standardizing  metal  lath  at  the  following  weights  for  the 
gages  given: 

24  gage 3 . 4  lb.  per  sq.  yd. 

25  gage 3      lb.  per  sq.  yd. 

26  gage 2 . 5  lb.  per  sq.  yd. 

27  gage 2.31b.  per  sq.  yd. 


CEMENT 

By  Georoe  a.  Hool 

Cementing  materials  used  in  structural  work  may  be  divided  into  two  main  classes — non- 
hydraulic  and  hydraulic.  Non-hydraulic  cements,  as  the  name  implies,  will  not  set  and  harden 
under  water;  while  hydraulic  cements  will  harden  in  either  water  or  air.  Following  is  a  list 
of  the  structural  cements  of  commercial  importance: 

Non-hydraulic      /  ^^^"^  ?!"*«" 

I  Common  lime 

'  Hydraulic  lime 

(Grappier  cement,  a  by-product) 
Puzzolan  cement 
Natural  cement 
Portland  cement 

(Adulterated  or  modified  Portland  cement) 

Gypsum  plasters  and  common  lime  are  treated  in  preceding  chapters.  This  chapter  treats 
of  hydraulic  cements  only. 

87.  Hydraulic  Lime. — Hydraulic  lime  is  made  by  burning  argillaceous  or  silicious  limestone 
at  a  temperature  not  less  than  1000**C.  When  showered  with  water  the  product  slakes  com- 
pletely or  partially  without  sensibly  increasing  in  volume,  and  possesses  hydraulic  properties 
due  to  the  combination  of  calcium  with  silica  contained  in  the  limestone  as  an  impurity,  forming 
calcium  silicate.  It  is  the  universal  practice  to  slake  the  lime  at  the  place  of  manufacture  on 
account  of  the  better  results  obtained. 
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Qrappitr  cement  10  a  by-produot  in  the  manufacture  of  hydraulic  lime,  produced  by  grinding  the  lumps  of 
underburned  and  overburned  material  which  do  not  slake.  As  might  be  inferred,  grappier  cement  poesesses  proper- 
ties similar  to  those  of  hydraulic  lime. 

Hydraulic  lime  is  not  manufactured  in  the  United  States  on  account  of  the  abundance  of  raw  materials  suitable 
for  the  manufacture  of  Portland  cement,  with  which  hydraulic  lime  cannot  compete  as  a  structural  material. 
A  number  of  hydraulic  limes  and  grappier  cements  are  marketed  as  "  non-staining  cements  "• — that  is,  tbey  do 
not  stain  masonry.  For  this  reason  a  considerable  amount  of  this  cementing  material  is  annually  imported  from 
Europe  for  purposes  of  architectural  decoration. 

88.  Pttzzolan  or  Slag  Cement. — Puzzolan  cement  is  made  by  incorporating  hydrated 
lime  with  a  silicious  material,  such  as  granulated  blast-furnace  slag,  of  suitable  fineness  and 
chemical  composition.  In  Europe  a  natural  puzzolanic  material,  such  as  volcanic  ash,  is  used 
at  some  plants  in  place  of  the  blast-furnace  slag. 


Although  this  type  of  cement  possesses  hydraulic  properties,  it  should  not  be  confused  with  dag  Portland 
cement  (sometimes  called  steel  Portland  Cement)  which  is  produced  by  calcining  finely  divided  slag  and  lime  in  a 
kiln  and  pulverising  the  resulting  clinker. 

Pussolan  cement  is  not  strong  or  reliable  as  either  natural  or  Portland  cement  and  should  be  used  only  in 
unimportant  structures  or  in  unexposed  work,  such  as  foundations,  where  weight  and  bulk  are  more  important 
than  strength. 

89.  Natural  Cement. — Natural  cement,  as  its  name  implies,  is  made  from  rock  as  it  occurs 
in  nature.  This  rock  is  an  argillaceous  (clayey)  limestone,  or  other  suitable  natural  rock,  and 
it  is  burned  at  a  temperature  of  from  900  to  1300**C.,  the  clinker  being  then  finely  pulverized. 
The  product  does  not  slake,  but  possesses  strong  hydraulic  properties,  calcium  silicate  being 
formed  and  acquiring  strength  and  rigidity  through  crystallization. 

Natural  cement  is  adapted  to  many  uses,  but  its  relatively  low  strength  and  slow  hardening  limit  its  field 
to  structures  where  high  stresses  will  not  be  imjKwed  for  several  months  after  placing  the  concrete,  as  in  large  or 
massive  structures  where  weight  and  mass  are  more  essential  than  early  strength — that  is,  in  such  structures  as 
dams,  abutments,  foundations,  and  many  underground'structures.  Mortar  made  with  natural  cement  (either  alone 
or  mixed  with  lime  mortar)  is  excellent  for  lasdng  ordinary  brick  and  stone  masonry. 

90.  Portland  Cement. — Portland  cement  is  made  by  finely  pulverizing  the  clinker  produced 
by  burning  a  definite  artificial  mixture  of  silicious  (containing  silica),  argillaceous  (containing 
alumina),  and  calcareous  (containing  lime)  materials  to  a  point  somewhat  beyond  where  they 
begin  to  fuse  or  melt.  The  product  is  one  that  docs  not  slake  and  possesses  strong  hydraulic 
properties.  The  essential  components  of  Portland  cement — namely:  silica,  alumina,  and  lime — 
are  obtained  from  many  different  sources,  but  the  proportions  used  of  the  raw  materials  are 
always  such  that  the  chemical  composition  of  the  different  Portland  cements  is  constant  within 
narrow  limits.     The  percentages  of  the  principal  components  range  about  as  follows:     ' 


SiOi 

% 

AliOi 

Fe,0» 

% 

CaO 

% 

MgO 

% 

19  to  25 

5  to  9 

2  to  4 

60  to  64 

1.0  to  2.5 

[Small  amounts  of  alkalies  (K2O  and  Na^O)  and  sulphur  trioxide  (SOi)  are  also  present.  Mag- 
nesia (MgO)  is  considered  by  some  as  an  impurity,  while  other  investigators  claim  it  is  equivalent 
to  lime  (CaO)  in  its  action.  Alumina  (AI2O8)  and  iron  oxide  (FejOs)  do  not  act  entirely  alike 
but  are  usually  considered  to  have  the  same  functions.]  The  specific  gravity  of  Portland 
cements  range  from  3.1  to  3.20,  with  an  average  of  3.15. 

Portland  cement  is  by  far  the  most  important  cementing  material  used  in  modern  engineering  construction. 
It  is  adapted  for  use  in  concrete  and  mortar  for  all  types  of  structures  where  strength  is  of  special  importance,  or  in 
structures  expose<i  to  wear  or  to  the  elements.  It  should  invariably  be  employed  in  reinf orced-concrete  construction 
because  of  its  high  early  strength  and  generally  uniform  quaUty. 

A  number  of  spcHsial  cements  employing  Portland  cement  as  a  base  are  made  by  grinding  in  adulterating 
materials  after  calcination.  These  adulterants  include  clay,  slaked  lime,  sand,  slag,  natural  cement,  limestones,  and 
natural  puzzolanic  material  or  tufa.  The  action  of  these  materials  is  essentially  to  promote  combination  between 
lime  from  the  cement  and  silica  from  the  adulterant,  with  formation  of  silicate  of  lime.  In  some  cases  these  siUcious 
adulterants  improve  the  quality  of  concrete  made  from  such  cements,  but  this  result  cannot  be  expected  from  all 
forms  of  adulteration. 
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Sand  and  puM(4anio  material  have  perhaps  been  used  the  most  extensively  and  suoceaafully  of  any  of  the 
adulterants,  producing  products  known  as  «and  cement  and  tufa  cement  respectively.  These  cements  have  been 
uaed  principally  on  large  work  where  freight  rates  are  high  and  long  wagon  hauls  combine  to  make  the  cost  of 
undiluted  Portland  cement  excessive.  Cement  specifications  in  common  use  are  of  a  character  to  exclude  any  grind- 
ing in  of  materials  after  calcination,  presumably  on  the  ground  that  specifications  permitting  any  adulteration 
would  be  subject  to  abuse  so  that  the  results  obtained  would  be  uncertain. 

91.  Setting  and  Hardening  of  Portland  Cement  ^ — The  setting  and  hardening  of  Portland 
cement  is  caused  principally  by  hydration  in  the  order  named  of  the  three  major  constituents— 
SCaOAliOf  3CaOSi02,  and  2CaO-Si02.  When  water  is  added  to  Portland  cement,  these 
constituents  form  first  amorphous  and  later  both  crystalline  and  amorphous  hydrated  materials 
which  act  much  as  does  ordinary  glue,  except  that  since  they  are  of  mineral  origin  and  largely 
insoluble,  hardening  progresses  even  under  water. 

Of  these  hsrdration  products,  the  compound  tri-ealdam  alomSnate  (SCaO'AltOs)  when  mixed  with  water  seta 
and  hardens  very  quickly;  tri-caldom  silicate  (3CaO*8iOs)  sets  and  hardens  somewhat  less  rapidly;  and  di-caldum 
silicate  (2CaO-8iOt)  reacts  slowly.  Hardening  occurs  only  after  the  lapse  of  a  long  period  of  time.  The  initial 
set  of  cement  is  due  undoubtedly  to  the  hydration  of  3CaO-AltOs;  the  .early  hardness  and  cohesive  strength  is  due 
to  this  hydration  and  to  that  of  the  SCaO'SiOt;  while  the  gradual  increase  in  strength  is  due  to  the  further  hydration 
of  these  two  compounds  together  with  the  hydration  of  the  2CaO*SiOa. 

The  compound  3CaO*SiOs  appears  to  be  the  best  cementing  constituent  of  this  group,  as  it  is  the  only  one^f 
the  three  which  when  mixed  with  water  will  set  and  harden  within  a  reasonable  time  to  form  a  mass  which  is  com- 
parable in  hardness  and  strength  to  Portland  cement.  Although  3CaO*AliO|  acts  and  hardens  rapidly,  it  is 
rather  soluble  in  witter  and  is  not  particularly  durable  or  strong.  The  compound  2CaO*SiOs,  however,  requires 
too  long  a  time  to  harden  to  be  in  intself  a  valuable  cementing  material. 

92.  Testing  of  Cement — For  standard  methods  of  cement  testing,  see  Proc.  A.S.T.M.,  1917. 

92a.  Sampling. — Tests  should  be  conducted  only  on  representative  sainples. 
For  methods  of  sampling,  see  Proc.  A.S.T.M.,  1917. 

92&.  Uniformity  in  Cement  Testing. — ^In  order  to  obtain  results  in  cement  testing 
which  will  be  of  the  greatest  value,  definite  and  uniform  methods  should  be  used.  Results  de- 
pend not  only  on  the  quality  of  the  cement  but  also  on  the  temperature  and  percentage  of  water 
used  in  mixing,  the  method  of  mixing  and  molding  test  specimens,  the  temperature  and  humid- 
ity of  the  air,  the  character  of  the  sand  used,  and  the  type  of  apparatus  employed. 

92c.  The  Personal  Factor. — The  personal  factor  has  considerable  effect  on  results 
obtained  in  cement  testing  and,  on  this  account,  only  experienced,  well-qualified  men  should  be 
employed  in  making  tests.  Results  by  untrained  or  careless  operators  are  really  worse  than  noth- 
ing and  may  be  positively  misleading.  The  comparative  results,  however,  by  any  one  experi- 
enced observer  are  generally  consistent  and  are  of  value.  It  is  usually  advisable  to  have  the 
testing  done  at  some  well-established  and  properly  equipped  cement-testing  laboratory. 

9id,  Kinds  of  Tests. — The  following  cement  tests  made  regularly  are  recom- 
mended for  construction  work  of  importance  and  also  in  all  cases  where  the  cement  to  be  used 
does  not  work  satisfactorily: 
Fineness. 
Time  of  setting. 
Tensile  strength  of  standard  mortar.    (Compressive  strength  of  standard  mortar  the  best 

criterion.) 
Soundness. 
On  unimportant  construction  it  is  generally  safe  to  use  a  well-known  brand  of  Portland  cement 
without  testing,  or  to  make  simply  the  test  for  soundness. 

92e.  Fineness. — Fine  grinding  has  a  great  influence  on  the  properties  of  cement. 
It  increases  the  ability  of  the  cement  to  react  readily  with  water  and  enables  the  cement  particles 
to  coat  the  sand  grains  more  thoroughly.  In  other  words,  the  finer  the  cement,  all  other  condi- 
tions being  the  same,  the  stronger  will  be  the  mortar  produced  with  a  given  sand.  Not 
less  than  75  %  passing  a  200-mesh  sieve  should  be  adequate  for  most  commercial  work. 

The  <i"ftn*M»  of  cement  is  measured  by  determining  the  percentage  by  weight  which  will  be  retained  on  a  standard 
200-meeh  sieve.  Gttandard  specifications*  require  that  the  residue  shall  not  exceed  22%.  Most  mills  are  now 
equipped  to  grind  cement  to  such  a  fineness  that  even  less  than  10  %  is  retained. 

1  See  Klbin  and  Phillips:  Tech.  Paper,  43,  U.  S.  Bureau  of  Standards. 

Batcs  and  Klkn:  Tech  Paper,  78,  U.  8.  Bureau  of  Standards. 
'  For  standard  speoifications.  see  Appendix  B,  p.  1408. 
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92/.  Nonnal  Consistency. — Tests  for  setting,  strength,  and  soundness  are  greatly 
influenced  by  the  quantity  of  water  used  in  mixing.  In  order  to  have  all  results  comparable 
with  one  another,  a  determination  is  made  in  each  case  of  the  quantity  of  water  necessary  to  be 
added  to  a  given  weight  of  cement  to  give  a  standard  or  normal  consistency  (see  Proc.  A.S.T.M., 
1917). 

92^.  Time  of  Setting. — The  time  of  setting  of  a  cement  may  vary  within  wide 
limits  and  is  no  certain  criterion  of  quality,  but  it  is  important  in  that  it  indicates  whether  or  not 
the  cement  can  be  used  advantageously  in  ordinary  construction.  A  cement  may  set  so  quickly 
that  it  is  worthless  for  use  as  a  building  material  (since  handling  cement  after  it  commences  to 
set  weakens  it  and  causes  it  to  disintegrate),  or  it  may  set  so  slowly  that  it  will  greatly  delay  the 
progress  of  the  work. 

Age  of  cement  has  a  great  effect  upon  the  setting  time,  and  tests  should  preferably  be  made  after  delivery  of 
the  cement  on  the  work.  Most  cements  absorb  moisture  from  the  air  and  lose  some  of  their  hydraulic  property 
on  storage. 

Aside  from  the  consideration  of  age,  the  conditions  which  accelerate  setting  are:  finely  ground  and  UghUy 
burned  material;  dry  atmosphere;  small  amount  of  water  used  in  gaging;  and  high  temperature  of  both  water  and 
air.  Since  the  time  of  set  is  influenced  by  so  many  factors,  tests  should  always  be  made  with  extreme  care  under 
standardised  conditions. 

There  are  two  distinct  stages  in  setting:  (1)  the  initial  set;  and  (2)  the  hard  or  final  set.  The  best  cements 
should  be  slow  in  taking  the  initial  set  but  after  that  should  harden  rapidly.  Portland  cement  should  acquire  the 
initial  set  in  not  less  than  46  min.  when  the  Vicat  needle  is  used,  and  hard  set  in  not  more  than  10  hr.^  The  time  of 
initial  set  is  controlled  largely  by  the  amount  of  sulphate  (gsiwum  or  ploHer  of  Parte)  which  is  added  in  "^i^V^^g 
the  cement. 

A  cement  has  taken  its  initial  set  when  it  will  not  thoroughly  reunite  along  the  surfaces  of  a  break.  It  has 
taken  its  final  set  when  it  begins  to  have  appreciable  strength  and  hardness. 

92^.  Tensile  Strength. — The  object  of  testing  cement  in  tension  is  to  obtain  some 
measure  of  the  strength  of  the  material  in  actual  construction.  In  other  words,  tests  of  tensile 
strength  are  made  primarily  to  determine  whether  the  cement  will  be  likely  to  have  a  continued 
and  uniform  hardening  in  the  work,  and  whether  it  will  have  such  strength  when  placed  in 
mortar  or  concrete  that  it  can  be  depended  upon  to  withstand  the  strain  placed  upon  it. 

The  small  shapes  made  for  testing  are  called  hriqueUeM  and  have  a  minimum  cross-sectional  area  of  1  sq.  in. 
— that  is,  at  the  place  where  they  will  break  when  tested.  Standard  mortar  used  in  testing  is  composed  of  1  part 
cement  to  3  parts  of  standard  sand  from  Ottawa,  111. 

It  is  customary  to  store  the  briquettes,  immediately  after  making,  in  a  damp  atmosphere  for  24  hr.  They 
are  then  immersed  in  water  until  they  are  tested.  This  is  done  to  secure  uniformity  of  setting,  and  to  prevent  the 
drying  out  too  quickly  of  the  cement,  thereby  preventing  shrinkage  cracks  which  greatly  reduce  the  strength. 

Specifications  for  tensile  strength  of  cement  usually  stipulate  that  the  material  must  pass  a  minimum  strengtii 
requirement  at  7  and  28  days.  This  is  required  in  order  to  deteimine  the  gain  in  strength  between  different  dates 
of  testing  so  that  some  idea  may  be  obtained  of  the  ultimate  strength  which  the  cement  will  attain.  A  first-class 
cement,  when  tested,  should  give  the  values  for  tensile  strength  stated  in  the  standard  specifications.  (For  stand- 
ard methods  of  tests,  see  A.S.T.M.,  1917.) 

92t.  Relation  between  Tensile  and  Compressive  Strength. — Since  cements  are 
rarely  depended  upon  to  withstand  tensile  stresses,  the  test  for  tensile  strength  has  undoubtedly 
become  standard  on  account  of  the  popular  belief  that  there  exists  a  more  or  less  definite  and 
constant  relation  between  the  tensUe  and  compressive  strengths.  It  can  be  shown,  however, 
that  the  ratio  of  compressive  to  tensile  strength  of  cement  mixtures  is  by  no  means  constant 
at  all  ages  and  varies  greatly  with  different  cements  and  with  different  mixtures.  Thus  the 
tensile  strength  cannot  usually  be  regarded  as  any  more  than  a  very  approximate  indication 
of  the  probable  compressive  strength  of  the  same  cement. 

92j.  Compressive  Strength. — Compressive  strength  of  cement  mortar  is  undoubt- 
edly a  better  criterion  by  which  to  judge  the  suitability  of  a  cement  for  use  in  construction. 
The  American  Society  for  Testing  Materials  has  tentative  specifications  and  methods  of  tests 
for  compressive  strength  of  Portland-cement  mortar*  which,  when  adopted  as  standard  by  the 
Society,  will  be  inserted  in  and  made  a  part  of  the  American  Specifications  and  Methods  of 
Tests  for  Portland  Cement. 

1  See  Standard  specifications  in  Appendix  B,  p.  1408. 

«  See  Proe.  of  the  Society,  vol.  xvi  (1916).  part  I  (pp.  690-593). 
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92k.  Soundness. — A  cement  to  be  of  value  must  be  perfectly  sound;  that  is,  it 
must  remain  constant  in  volume  and  not  swell,  disintegrate,  or  crumble.  Excess  of  either 
lime,  magnesia,  or  sulphates  may  cause  unsoundness.  The  usual  method  of  testing  is  to  form 
a  small  pat  of  neat  cement  about  3  in.  in  diameter,  ^  in.  thick  at  the  center,  and  tapering  to  a 
thin  edge.  This  pat  should  remain  24  hr.  in  moist  air  and  5  hr.  in  an  atmosphere  of  steam  at  a 
temperature  between  98  and  lOO^C.  upon  a  suitable  support  1  in.  above  boiling  water.  To 
pass  the  soundness  test  satisfactorily,  the  pat  should  remain  firm  and  hard,  and  show  no  signs 
of  cracking,  distortion,  checking  or  disintegration.  The  steam  test  is  what  is  called  an  acceler- 
ated test  and  is  for  the  purpose  of  developing  in  a  short  time  (5  hr.)  those  qualities  which  tend  to 
destroy  the  strength  and  durability  of  a  cement. 

92L  Specific  Gravity. — A  test  for  finding  the  specific  gravity  of  Portland  cement 
was  originally  considered  to  be  of  value  in  detecting  adulteration  and  underburning,  but  is  no 
longer  thought  to  be  of  much  importance  in  view  of  the  fact  that  other  tests  lead  to  more  definite 
conclusions.  One  trouble  has  been  that  specific  gravity  is  not  .alone  lowered  by  the  above 
causes.  Seasoning  of  either  cement  or  cement  clinker,  for  instance,  although  known  to  be 
desirable  and  in  some  cases  absolutely  necessary,  lowers  the  specific  gravity  materially.  On  the 
other  hand,  many  underburned  cements  show  a  specific  gravity  much  higher  than  that  set  by 
standard  specifications.  These  considerations,  together  with  the  fact  that  the  principal  adul- 
terants have  a  specific  gravity  very  near  that  of  Portland  cement,  make  it  difficult  in  the  specific 
gravity  test  to  obtain  results  from  which  accurate  conclusions  can  be  drawn.  The  test  in  any 
case  is  without  value  unless  every  precaution  is  taken  to  have  accurate  results,  as  otherwise 
only  very  large  amounts  of  adulterated  material  could  be  discovered.  When  the  specific 
gravity  of  a  cement  falls  below  3.10,  standard  specifications^  allow  a  second  test  to  be  made 
upon  an  ignited  sample — ^the  idea  being  that  ignition  will  lower  the  specific  gravity  of  adulter- 
ated cement.  This  second  test,  however,  is  usually  of  little  value  as  the  ignition  loss  of  most 
adulterants  is  low  and  as  the  specific  gravity  of  an  ignited  sample  of  cement  is  invariably  higher 
than  that  of  the  original  sample. 

d2m.  Chemical  Analysis. — If  the  tests  of  a  cement  for  time  of  setting,  strength, 
and  soundness  seem  to  indicate  adulteration,  resort  may  be  had  to  chemical  analysis.  Such 
analysis  is  not  usually  made  in  routine  commercial  testing.  Chemical  analysis  not  only  serveff 
as  a  valuable  means  of  detecting  adulteration  but  shows  the  amounts  of  magnesia  (MgO)  and 
sulphuric  anhydride  (SOa)  contained  in  the  cement.  Specifications  usually  limit  the  amount  of 
MgO  to  about  5  %  and  SOs  to  about  2  %  because  of  fear  that  more  of  these  materials  may  make 
the  cement  unsound. 

9S.  Specifications  for  Cement — Standard  specifications  are  given  in  Appendix  B. 

94.  Containers  for  Cement. — Cement  may  be  obtained  in  cloth  or  paper  bags,  in  bulk,  and 
in  barrels. 

Cloth  bags  are  the  containers  most  generally  used  since  manufacturers  will  refund  the 
extra  charge  for  the  bags  when  returned  in  good  condition.  The  consumer,  however,  must 
prepay  the  freight  when  returning  the  empty  bags  to  the  mill.  The  cloth  bag  will  stand  trans- 
portation, and  its  size  and  shape  make  it  convenient  to  handle.  If  properly  cared  for,  it  may  be 
used  over  and  over  again.  Paper  bags  are  more  delicate  and  have  no  return  value.  Wooden 
barrels  are  advisable  when  the  work  is  in  a  damp  location,  as  in  marine  construction.  Bulk 
cement  requires  special  preparations  for  handling  and  storage. 

95.  Storing  of  Cement — Cement  either  in  containers  or  in  bulk  should  be  stored  within 
a  tight,  weather-proof  building,  at  least  8  in.  away  from  the  ground  and  an  equal  distance  from 
any  wall,  so  that  free  circulation  of  air  may  be  obtained.  In  case  the  floor  of  a  storage  building 
is  laid  directly  above  the  ground,  it  would  be  well  to  give  the  cement  an  additional  8-in.  eleva- 
tion by  means  of  a  false  floor,  so  as  to  insure  ventilation  underneath.  The  cement  should 
further  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection  and  identifi- 
cation or  removal  of  each  shipment.  When  cement  is  not  mill-tested,  a  proper  period  before 
cement  is  needed  should  be  allowed  by  the  contractor  for  inspection  and  tests,  this  period  being 
determined  by  the  provisions  of  the  specifications  governing  his  contract. 

>  See  Appendix  B,  p.  1408. 
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Where  cement  in  bags  ia  stored  in  bigh  pilee  for  long  periods,  there  is  often  a  slight  tendency  in  the  lower 
layers  to  harden,  caused  by  the  pressure  above;  this  is  known  as  toarehouMe  tet.  Cement  in  this  condition  ia  in 
every  way  fit  for  service  and  can  be  reoonditioned  by  letting  each  sack  drop  on  a  solid  surface  before  using  the 
cement  contained. 

96.  Seasoning  of  Cement. — A  moderate  amount  of  seasoning  in  weather-tight  sheds  often 
improves  the  quality  of  the  cement.  Fresh  cement  contains  small  amounts  of  free  or  loosely 
combined  lime  which  does  not  slake  freely  and  causes  expansion  after  the  mass  has  set,  endanger- 
ing the  structure  in  which  it  is  used.  During  the  time  of  seasoning  such  free  lime  is  changed  first 
to  hydrate  and  then  to  carbonate  of  lime  which  does  not  swell  on  wetting.  Usually  cement  is 
seasoned  at  the  mills  before  shipping,  but,  with  the  best  mills,  the  stock  house  muy  run  so  low 
in  periods  of  rush  that  a  chance  will  be  taken  on  fresh  material.  Well-seasoned  cement,  there- 
fore, may  be  lumpy,  but  the  lumps  are  easily  broken  up.  If,  however,  the  cement  has  been 
subjected  to  excessive  dampness,  or  has  been  wet,  lumps  will  be  formed  which  are  hard  and 
difficult  to  crush.  A  distinction  should  be  made,  so  that  the  latter  will  not  be  used  without 
sifting  and  rejection  of  hardened  portions. 

97.  Use  of  Bulk  Cement. — Within  the  past  few  years  considerable  cement  has  been  shipped 
in  bulk  to  cement-product  factories  and  to  construction  jobs  adjacent  to  railroad  tracks. 
Economy  has,  in  these  instances,  resulted  from  the  saving  in  labor,  and  from  the  elimination  of 
package  losses  and  expense.  There  seems  to  be  no  difficulty  in  shipping  bulk  cement  in  tight 
box  cars.     Bulk  cement  should  always  be  measured  by  weight,  not  volume. 

98.  Weight  of  Cement — A  barrel  of  Portland  cement  weighs  376  lb.,  not  including  the 
barrel,  and  a  bag  of  Portland  cement  weighs  94  lb. ;  in  other  words,  there  are  4  bags  to  a  barrel. 

A  barrel  of  natural  cement  varies  in  weight  according  to  the  locality  in  which  it  is  manufactured.  A  barrel  of 
Western  cement  usually  weighs  265  lb.  an(|  a  barrel  of  Eastern  cement  300  lb.  A  bag  of  natural  cement  ia  usually 
one-third  of  a  barreL 

A  barrel  of  puxiolan  cement  is  usually  assumed  to  contain  330  lb.  net,  and  there  are  4  bags  to  the  barrd. 

A  cement  barrel  weighs  about  20  lb.  on  an  average. 


CONCRETE  AGGREGATES  AND  WATER 

By  Nathan  C.  Johnson 

99.  Definitions. — ^'Aggregates''  is  a  general  classifying  term  applied  to  those  inert  (i.e., 
chemically  inactive)  materials,  both  fine  and  coarse,  which,  when  bound  together  by  cement, 
form  the  substance  known  as  concrete.  Fine  aggr^ates  are  materials  such  as  natural  sand  or 
rock  screenings.  Ck>arse,  or  large  aggregates,  or  ballast  are  materials  such  as  natural  gravel, 
crushed  rock,  or  by-product  materials  such  as  cinders  or  crushed  blast-furnace  slag. 

100.  General  Requirements. — Aggregates,  fine  and  coarse,  compose  approximately  90% 
or  more  of  the  substance  of  concrete.  From  this  it  follows  that  the  properties  of  aggregates 
must  correspond  and  be  at  least  equal  to  the  properties  desired  in  the  concrete. 

The  usual  service  requirements  are  that  aggregates  shall  be  dense,  hard,  durable,  structurally 
strong  and,  for  aggregates  in  concretes  exposed  to  water  action,  insoluble.  Further,  since 
concrete  is  formed  by  bonding  of  aggregates  with  cement,  they  must  permit  by  their  physical 
characteristics  (such  as  roughness)  the  adhesion  of  cement;  and  always  all  particles  must  be 
clean,  so  that  a  surface  coat  of  one  kind  or  another  may  not  prevent  physical  contact  with  cement, 
or  destroy  its  properties  through  chemical  action. 

101.  Classification  of  Aggregates. — The  usual  classification  of  aggregates  is  into  two  divi- 
sions, based  upon  size. 

Coarse  aggregates  are  all  particles  of  gravel,  crushed  stone,  or  other  materials  above  ^  in. 
diameter. 

Fine  aggregates  are  all  particles  below  H  in*  in  size.  Particles  of  such  size  are  further  di- 
vided by  defining  ''sand''  as  all  mineral  particles  from  2  mm.  to  0.5  mm.  in  diameter;  ''silt," 
all  particles  from  0.5  mm.  to  0.005  mm.  in  diameter;  "clay,"  all  particles  having  a  diameter 
less  than  0.005  mm;  and  "loam"  as  a  mixture  of  any  of  the  above  finer  varieties  with  organic 
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matter — i.e.,  of  vegetable  or  animal  origin.  It  is  particularly  such  organic  matter  rather  than 
size  of  particle  which  renders  loam  unfit  for  concrete  work,  as  through  some  chemical  action 
not  yet  fully  understood,  possibly  through  formation  of  an  organic  acid,  it  injures  or  inhibits 
the  proper  action  of  cement. 

102.  Qualities  of  Fine  Aggregates — General. — When  it  is  remembered  that  the  finer  nat- 
ural materials  are  derived  from  rocks  by  disintegration  and  by  'feathering,''  or  breaking 
down  through  frost  action,  water  and  wind  erosion,  or  kindred  agencies,  the  differences  in 
quaUty  so  often  found  in  sand  deposits,  with  possibly  the  presence  of  foreign  materials,  are  not 
surprising.  Further,  sands  necessarily  partake  of  the  qualities  of  the  rock  from  which  they 
are  derived.  Silicious  quartz  sands  are  best  for  concrete  work,  but  crushed  sands  from  any 
durable  rock  will  answer,  if  natural  sand  of  proper  quality  cannot  be  obtained. 

103.  Qualities  of  Coarse  Aggregates-^— General. — For  coarse  aggregates,  any  crushed  rock 
of  durable  character,  or  any  clean,  hard,  natural  gravel  not  subject  to  ready  disintegration  may 
properly  be  used.  In  general,  the  better  the  stone  or  gravel,  the  better  the  resulting  concrete. 
For  this  reason,  granite,  trap,  or  hard  limestone  are  preferred  for  large  aggregates,  but  any  rock 
will  serve  which  is  sound,  which  has  adequate  strength  and  does  not  contain  objectionable 
mineral  inclusions  liable  to  decompose,  such  as  iron  pyrites,  FeSs,  which  may  form  sulphuric 
acid  by  oxidation. 

Since  the  properties  of  any  oonorete  are  bo  olosely  related  to  the  properties  of  its  components,  it  is  essential 
to  an  understanding  of  the  value  of  any  stone  as  an  aggregate  that  something  be  known  of  the  origin,  nature,  and 
properties  of  the  varieties  in  common  use. 

104.  Materials  Suitable  for  Coarse  Aggregates. — Roughly,  rocks  suitable  for  use  as  aggre- 
gate fall  into  three  groups.  These  are:  (1)  Granite  and  other  igneous  rocks;  (2)  sandstones 
and  other  sedimentary  rocks;  (3)  limestones  and  related  rocks.  A  fourth  division  comprises 
slates  and  shales,  but  as  these  weather  rapidly  with  formation  of  clay,  they  are  unsuited  for 
use  in  concrete. 

The  physical  character  of  a  rook  depends  upon  two  things — ^its  mineral  (constituents  and  its  structure.  If  the 
mineral  constituents  are  themselves  durable,  but  massed  together  in  a  manner  structurally  weak,  rapid  weathering, 
with  formation  of  sand  through  liberation  of  mineral  grains,  is  to  be  expected.  Such  a  rock  would  make  a  poor 
oonorete.  On  the  other  hand,  a  dense  structure  with  like  mineral  constituents  would  make  an  excellent  aggregate. 
A  dense  structure  and  weak  mineral  constituents  are  sometimes  associated,  but  Nature  has  generally  cared  for  such 
rocks  by  bringing  about  their  decomposition,  so  that  they  exist  only  as  sand. 

106.  Igneous  Rocks. — Igneous  rock  is  a  general  term  descriptive  of  all  rocks  formed  from 
molten  matter  which  has  consolidated  either  into  mineral,  or  glass,  or  both.  Among  sucb 
rocks  are  granite  and  trap  rock. 

106a.  Granite. — Granite  is  well  known  by  its  characteristic  appearance.  In 
structure,  it  is  a  blend  of  quartz  (cr>'stallized  silica  dioxide),  orthoclase,  and  mica,  though  this 
latter  may  be  replaced  by  hornblende.  It  is  exceedingly  dense,  hard  and  durable,  consisting 
entirely  of  minerals  with  no  glass  or  uncrystallized  material  between  its  constituent  grains. 

Granites  possess  the  strength  and  durability  desirable  in  an  aggregate,  but  they  are  of  low  toughness.  In 
addition,  if  used  in  concretes  exposed  to  more  than  ordinary  heat,  as  in  chimneys,  there  is  a  decided  tendency 
to  disintegrate,  due  to  unequal  mineral  grain  expansions.  Granites  are  not  often  used  as  aggregate,  their  ornamen- 
tal value  precluding  less  profitable  use. 

1066.  Trap  Rock  or  Diabase. — Trap  rock  and  fine-grained  basic  and  volcanic 
rocks  are  generally  hard,  of  high  abrasive  value  adhering  well  to  cement.  These  rocks  have  a 
closely  interlaced  mineral  structure  and  generally  good  resistance  to  stress.  Care  should  be  taken 
not  to  choose  a  trap  rock  having  a  considerable  percentage  of  iron  present  in  low  oxide  form, 
as  this  may  absorb  oxygen,  forming  a  higher  oxide,  with  expansion  and  probably  rupture. 

In  general,  trap  rook  (and  rook  of  similar  character,  in  which  class  are  included  many  of  the  "green-stones") 
makes  a  very  excellent  aggregate  although  in  some  respects  its  excellence  has  been  exaggerated.  It  has,  however, 
a  very  high  compressive  stjongth  and,  as  this  quality  is  very  desirable  in  concretes,  its  use  has  become  widespread. 
It  is  not  always  procurable  without  excessive  cost  but,  where  price  is  not  prohibitive,  its  use  is  advantageous. 

106.  Sedimentary  Rocks. — To  the  sedimentary  series  of  rocks  belong  all  those  solidified 
deposits  which  have  accumulated  at  the  bottom  of  bodies  of  water.    Originally,  these  mate- 
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riuls  were  derived  from  the  land  surface  and  transported  to  the  sea  or  lakes,  either  by  mechan- 
ical carriage,  or  by  solution  in  water.  Many  of  the  minerals  contained  in  sedimentary  rocks 
were  derived  directly  from  the  decay  of  igneous  or  volcanic  rocks,  although  additional  chemical 
changes  supplementing  thi^  more-or-less  complete  decomposition  of  the  original  minerals  may 
have  resulted  in  the  formation  of  new  minerals  found  in  the  sedimentary  series.  With  passage 
of  time  and  the  action  of  various  chemical  and  mechanical  agencies,  these  sedimentary  deposits 
solidified  into  the  stratified  rocks  of  one  kind  or  another  found  throughout  the  entire  surface  of 
the  earth. 

106a.  Sandstone. — One  of  the  most  important  of  the  sidementary  rocks  is 
sandstone.  In  structure,  it  is  natural  concrete,  composed  of  finely  divided  mineral  particles, 
cemented  together  in  more<-or-less  close  relation  by  iron  or  alumina  or  by  calcium  compounds. 
The  character  of  any  sandstone  depends,  therefore,  on  the  mineral  character  of  its  component 
grains;  on  the  size  and  shape  of  these  grains;  on  their  arrangement  within  the  rock;  and  on 
the  nature  of  the  material  cementing  them  together. 

Quarts  partidea  form  by  far  the  greatest  peroeatage  and  the  moat  desirable  conatituent  of  sandstone.  Feld- 
spar is  also  frequently  present,  and  occasionally,  hornblende,  chlorite,  garnet,  magnetite,  and  calcite.  In  the 
best  sandstones,  the  grains  are  arranged  uniformly  through  the  mass,  although  frequently  coarser  and  finer  particles 
are  arranged  in  layers,  giving  a  stratified  appearance  to  the  stone. 

So  far  as  its  use  in  concrete  is  concerned,  the  most  important  feature  of  a  sandstone  is  the  nature  of  the  cement- 
ing material  combining  its  constituent  grains.  ArgUlaceoiu  aandtUmea  in  which  the  cementing  material  is  lime 
(usually  lime  carbonate)  may  be  crushed  with  comparative  ease,  but  they  disintegrate  rapidly  on  expomire  to 
weathering  agents,  such  as  water  or  air.  Such  stone  may  be  readily  identified  by  its  effervescence  when  treated 
with  a  drop  of  hydrochloric  add.  SandsUmea  cemented  by  oxide  of  iron  are  generally  red  in  color,  the  shade 
being  a  rough  indication  of  the  amount  of  iron  present.  Many  of  these  sandstones  disintegrate  very  rapidly  on 
exposure  to  the  weather,  forming  the  so-called  "rotten  stones"  so  often  found  in  gravel. 

Sandatonea  cemented  aolely  by  clay  should  never  be  used  in  concrete,  as  the  simple  penetration  of  moisture  is 
suffident  to  disintegrate  them,  rendering  them  practically  valudess  as  aggregate.  A  good  accderated  test  is  to 
boil  M-in.  fragments  of  the  stone  in  water.  Rapid  disintegration  indicates  a  weak  stone,  with  a  tendency  to 
weather  rapidly,  and  unstuted  for  use  as  aggregate. 

106&.  Limestone. — ^Limestone  is  carbonate  of  lime  deposited  on  the  floors  of 
bodies  of  w^ater  and  subsequently  hardened  into  rock.  This  precipitation  of  lime  may  have 
been  effected  from  the  water,  or  through  the  agency  of  animal  or  vegetable  life.  This  is  to  say, 
some  limestones  are  chemical  precipitates,  while  others  are  formed  from  the  shells  and  other 
hard  parts  of  animals,  as  well  as  from  hardened  tissues  of  certain  plants.  Such  plant  and  animal 
forms  fossilized  are  often  seen  in  limestone  fragments. 

Compact  limestone  varies  in  texture  from  coarse  to  exceedingly  fine.  It  is  only  oocadonally  pure  carbonate 
of  lime,  usually  containing  greater  or  less  percentages  of  magnesia.  Either  magnesia,  limestone,  or  pure  caldo 
limestone  is  very  well  suited  for  use  as  a  concrete  aggregate.  Any  considerable  percentage  of  clay  in  limestone, 
however,  is  very  undesirable,  as  it  softens  the  rock  and  renders  it  very  liable  to  disintegration.  Limestone  is 
found  in  many  colors.     White,  gray,  yellow,  blue,  and  green  are  those  of  most  frequent  occurrence.  ' 

In  general,  limestone  makes  a  very  good  coarse  aggregate  for  concrete.  When  crushed  to  the  finer  uses,  it 
has  a  flaky  fracture  which  renders  it  somewhat  unsuitable  for  use  as  sand  unless  it  is  rerolled.  Natural  limestone 
sands  are  of  infrequent  occurrence,  as  limestone  is  soluble  to  as  nigh  a  percentage  as  90%,  so  that  the  usual  weatner- 
ing  processes  result  in  solution,  rather  than  fragmentary  disintegration. 

107.  Metamorphic  Rocks. — Rocks  of  either  igneous  or  sedimentary  origin  have  often  been 
subjected  to  such  severe  treatment  in  the  long  course  of  geologic  history,  that  their  ordinary 
character  is  much  altered.  Crushing  of  the  earth's  crust,  the  weight  of  overlying  material, 
and  contact  with  hot  molt'Cn  rock  from  the  interior  are  among  the  causes  contributing  to  the 
change.     Such  rocks  are  classed  as  ''metamorphic. " 

There  are  many  metamorphic  rocks,  the  whole  group  constituting  a  very  high  percentage  of  the  surface  of  the 
earth's  crust.  Some  of  them  are  of  value  as  aggregates  in  concrete;  while  others,  notably  the  slates  and  shales,  have 
a  weak  stratified  structure  and  weather  so  rapidly  that  thdr  value  in  concrete  is  almost  nothing. 

108.  Gravel. — Gravel  of  good  quality  makes  excellent  concrete  (see  Tech.  Paper  58, 
Bureau  of  Standards,  Washington,  D.  C).  Gravel  is  nothing  more  nor  less  than  natural  rock, 
broken  away  from  parent  ledges  and  worn  round  by  the  rolling  of  streams.  Its  natural  prop- 
erties, therefore,  are  identical  with  the  rock  of  which  it  once  formed  a  part.     Provided  it  has 
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not  decayed  through  being  in  relatively  small  masses,  the  properties  natural  to  this  parent 
rock  are  to  be  expected  of  a  gravel.  The  surface  of  gravel  is  usually  very  rough;  and  from  con- 
siderations of  character  of  surface  presented  for  adhesion  of  cement,  it  should  produce  as  good 
as,  and  even  better,  concrete  than  crushed  stone.  Certainly,  there  is  no  reason  against  its  use, 
provided  it  is  clean  and  of  good  mineral  quality. 

109.  Blast-furnace  Slag. — Slag  from  blast  furnaces,  crushed  to  proper  size,  has  much  to 
recommend  it  for  mass  construction.  Slag  is  a  fairly  hard  though  very  porous  material,  of 
fairly  high  compressive  strength;  and  in  certain  localities  is  relatively  cheap  as  compared  to 
stone  of  good  qualities.  Offering  a  rough,  pitted  surface  for  the  adhesion  of  cement,  it  produces 
a  very  strong  concrete  when  of  proper  quality. 

110.  Cinders. — Furnace  cinders  as  an  aggregate  are  used  only  in  inferior  grades  of  mass 
concrete,  or  for  fireproofing.  Cinders  have  low  structural  strength,  high  porosity,  and  often- 
times as  an  added  objection,  high  sulphur  content.  In  more  than  one  instance,  sulphuric  acid 
resulting  from  sulphur  decomposition  in  cinder  concrete  floors  has  eaten  away  conduits  and 
piping,  and  has  even  attacked  reinforcing  and  structural  steel.  Cinder  concrete  is  of  value 
chiefly  because  of  its  cheapness  and  low  specific  gravity,  but  discrimination  is  required  in  its 
use. 

111.  Materials  Suitable  for  Fine  Aggregates. — All  fine  aggregates  are  essentially  rock 
fragments,  crushed  to  varying  degrees  of  fineness,  either  by  the  natural  processes  of  weathering, 
disintegration,  or  glacial  action,  or  by  man  with  his  machines.  Sand  deposits  are  masses  of 
weathered  rock  minerals,  transported,  collected,  and  sorted  by  the  age-long  action  of  streams. 

From  the  earliest  ages  the  formation  of  sand,  silt,  and  clay  has  been  going  on  through  the 
breaking  down  of  rocks.  The  changes  involved  in  these  processes  are  part  physical  and  part 
chemical.  All  changes  produced  at  or  near  the  surface  by  atmospheric  agents,  which  result 
in  more  or  less  complete  disintegration  and  decomposition,  are  classed  under  the  general  term 
of  **  weathering.''  The  action  of  physical  agents  alone,  which  results  in  the  rock  breaking  down 
into  smaller  particles  without  destroying  its  identity,  is  termed  ''disintegration."  On  the 
other  hand,  the  action  of  chemical  agents  destroys  the  identity  of  many  of  the  minerals  by  the 
formation  of  new  compounds,  and  this  latter  process  is  known  as  -''decomposition."  Silt 
and  clay  generally  result  from  decomposition;  and,  as  such  chemical  change  has  altered  the 
character  of  the  material  (usually  to  its  detriment  so  far  as  concrete  purposes  are  concerned), 
that  is  one  reason,  but  not  the  only  reason,  against  permitting  their  presence  in  concrete  sand. 

Because  of  its  hardness  and  resistance  to  chemical  agents,  quartz  or  siUca  is,  therefore,  the 
commonest  mineral  in  sand.  Other  minerals  such  as  feldspar,  mica,  etc.,  though  originally 
present,  because  of  their  lesser  resistance,  have  been  more  readily  decomposed  by  the  action 
of  the  elements;  and  by  reason  of  their  complete  disintegration  with  resultant  fine  state  of  sub- 
division, have  been  removed  by  wind  and  water.  Quartz  crystals,  therefore,  remain  as  the 
most  evident  survivors  of  the  parent  rock  and  their  survival  is  evidence  of  their  desirable 
qualities  for  concrete. 

lllo.  Crushed  Stone  and  Screenings. — Crushed  stone  screenings,  when  free 
from  clay,  usually  make  excellent  sand.  These  screenings  ordinarily  give  a  stronger  mortar 
than  natural  sand  but  are  likely  to  contain  an  undue  amount  of  dust,  especially  when  obtained 
from  soft  stone,  and  should  be  screened  and  washed  to  get  rid  of  the  finest  particles  before  being 
used  in  mortar  or  concrete. 

Crushed  limestone  makes  a  concrete  of  excellent  early  strength,  provided  the  crushings  are  rerolled,  as  lime- 
stone breaks  with  a  flat,  scaly  fracture,  giving  particles  that  are  structurally  weak  and  that  are  very  hard  to  com- 
pact in  the  manner  necessary  to  give  an  impervious  concrete.  For  work  exposed  to  water  this  point  is  of  great 
importance. 

1115.  Sea  Sand. — Sea  sand  is  usually  well  suited  for  use  as  fine  aggregate  for 
concrete,  so  far  as  structure,  mineral  composition,  and  cleanness  are  concerned.  It  id,  however, 
usually  of  such  fineness  that  its  use  is  inadvisable  if  undiluted  by  coarser  particles.  Saline 
deposits  on  the  grains,  when  derived  from  pure  sea  water,  should  not  be  of  a  nature  detrimental 
to  concrete.  It  is  unwise  to  take  such  sands  close  to  tide  limits,  as  the  newer  sands  close  to 
water,  teem  with  minute  organic  life. 
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112.  Requirements  of  Fine  Aggregate  as  to  Shape  and  Size  of  Particles. — It  is  exceedingly 

difficult  in  chooBiog  a  fine  aggregate  for  concrete  work  to  balance  all  considerations.  Time  is  a 
factor  of  utmost  importance  in  all  construction  operations.  Therefore,  where  delays  would  be 
entailed  by  the  selection  of  one  sand,  the  qualities  of  which  are  superior  to  those  of  another  sand 
that  is  more  readily  obtained,  it  is  more  than  probable  that  considerations  of  superior  quality 
will  have  little  weight.  It  is  unfortunately  true  that  regardless  of  all  that  has  become  known  io 
regard  to  the  importance  of  sands,  their  quality  will  be  generally  disregarded  in  favor  of  cheap- 
ness or  convenience  until  engineers  and  owners  demand  and  insist  upon  concretes  of  proper 
quality  and  refuse  payment  for  those  not  coming  up  to  the  desired  standard. 

Usual  specifications  for  concrete  sands  permit  of  little  discrimination  on  the  part  of  the 
supervising  engineer,  however  conscientious  he  may  be.  Provision  that  the  sand  shall  be  "  clean, 
sharp,  and  coarse''  means  nothing,  as  no  standards  are  defined  as  comparisons  and  the  deter- 
mination is  left  solely  to  the  judgment  of  individuals  oftentimes  quite  incompetent  and 
unskilled. 

SharpneaB  aa  a  quality  requirement  for  sand  is  arcliaio.  It  has  little  or  no  definite  meaning;  and  rardy  are 
two  individuals  agreed  as  to  how  sharpneas  should  be  determined.  If  it  were  but  remembered  that  all  natural 
sands  are  water-borne  and  water-worn,  with  inevitable  rounding  of  grains,  the  fallacy  of  "sharpness,"  whatever 
its  interpretation,  as  a  standard  of  quality  in  natural  sands,  would  be  evident. 

Cleanneea  in  sands  is  most  important,  for  reasons  before  given.  Not  all  dirt  or  coatings  on  sand  are  detectable, 
short  of  laboratory  procedures;  and  unfortunately,  much  sand  is  judged  as  to  cleanliness  by  nibbing  in  a  hand 
that  itself  is  usually  none  too  clean,  the  fitness  of  the  sand  being  judged  by  the  deposit  it  leaves  behind.  Judi^g 
a  sand  in  this  way  without  supplemental  tests  betokens  ignorance,  or  carelessness,  or  both.  Cleanness  is  a  desir- 
able quality,  but  it  should  be  judged  by  adequate  tests,  not  by  such  haphasard  methods  as  the  foregoing. 

Coaraeneaa  in  sands,  as  opposed  to  excessive  fineness,  is  a  desirable  quality,  but  coarseness  alone,  especially  if 
judged  without  standards,  is  no  criterion  of  fitness  for  use  in  concrete.  Coarse  sands  have  less  surface  area  than 
have  fine  sands  for  a  given  unit  volume,  thus  requiring  less  cement  and  being  more  readily  coated.  Such  a  re- 
quirement, if  properly  judged,  is  therefore  advantageous. 

118.  Organic  Contamination  of  Sand. — Colloidal  or  other  organic  coatings  on  sand  are 
not  difficult  of  detection  before  use.  A  good  test  method  for  this  purpose,  now  known  as  the 
Abrams-Harder  Test,  has  been  developed  at  Lewis  Institute  under  the  auspices  of  the  Associa- 
tion of  American  Portland  Cement  Manufacturers.  Briefly,  it  is  carried  out  by  digesting  a 
sample  of  sand  in  a  2  %  solution  of  caustic  soda.  The  resulting  color  of  the  fluid  is  an  approxi- 
mate indication  of  the  quantity  presence  of  organic  matter  in  any  sand.  Color  plates  and  direc- 
tions for  this  test  may  be  obtained  on  application  to  the  Portland  Cement  Association  at  its 
several  offices. 

114.  Test  for  Quality  of  Sands. — Safe  and  advantageous  procedure  in  choosing  sand  for 
concrete  is: 

1.  Determine  its  cleanness  by  shaking  a  sample  with  water  in  a  bottle;  and  also  by  the 
color  test  for  organic  impurities. 

2.  Determine  its  average  granulometric  analysis,  giving  preference  to  coarse  rather  than 
to  fine  sand. 

3.  For  the  sand  and  stone  chosen,  approximate  proportions  for  the  mix  such  as  will  give 
a  dense  mixture.     (This  is  not  always  permitted  under  the  specifications  governing  the  work.) 

4.  Check  these  proportions  (or  the  specific  proportions),  as  well  as  the  quality  of 
materials,  by  strength  or  other  tests  on  actual  samples  of  concrete. 

5.  Check  all  shipments  of  sand  w^ith  regard  to  cleanness,  as  in  (1). 

116.  Requirements  of  Coarse  Aggregate  as  to  Shape  and  Size  of  Particles. — Since  stone 
is  one  of  the  strongest,  if  not  the  strongest  constituent  of  concrete,  the  greater  the  percentage  of 
stone  in  any  unit  volume  (i.e.,  the  nearer  concrete  actually  approaches  natural  stone  in  strength 
and  density)  the  stronger  is  the  concrete.  It  follows,  then,  other  things  being  equal,  that  the 
larger  the  quantity  of  stone,  the  stronger  will  be  the  concrete,  since  each  piece  of  stone  has 
greater  mass  density  than  would  its  components  unless  compacted  and  united  by  Nature's 
unapproachable  processes. 

There  are,  however,  certain  limitations  as  to  size  of  stone  imposed  by  certain  classes  of  work.  In  reinforced 
work,  the  plastic  concrete  must  fit  itself  closely  around  the  reinforcing  metal,  so  that  1  to  IH  ii^-  ifl  the  greatest 
diameter  of  particle  that  experience  demonstrates  is  advisable  to  use. 

Concrete  of  this  character  obviously  requires  more  cement  than  would  concrete  using  larger  stone,  aince  the 
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stone  surface  to  be  coated  is  greater.  In  maas  work,  on  the  other  hand,  crushed  atone  of  2H  to  3  in.  diameter  may 
be  advantageoualy  employed,  with  leee  cement.  For  theae  reasons,  if  for  no  others,  richer  mixtures  are  specified 
in  reinforced  work  and  leaner  mixtures  in  mass  work.  It  should  be  borne  in  mind,  however,  that  sise  of  stone  is 
not  alone  the  determining  factor  in  this  regard,  but  that  grading  of  stone  and  sise  and  grading  of  sand  is  of  even  more 
importance  as  influencing  the  quantity  of  cement  required,  with  a  corresponding  effect  on  the  quality  of  concrete. 

Pluma  are  large  stone,  5  in.  or  mme  in  least  diameter,  thrown  into  plastic  mass  concrete,  largely  with  the 
object  of  using  taem  as  cheap  space-fillers.  Their  use  is  also  to  be  commended  for  the  reasons  before  given,  provided 
that  the  plums  themaelvee  are  of  the  proper  quality  of  stone  and  that  they  are  not  of  such  sise  as  to  cut  through  the 
concrete  section.  A  safe  rule  to  follow  in  the  use  of  plums  is  that  they  shall  be  of  a  maximum  sise  such  that  not  less 
than  6  in.  of  concrete  shall  intervene  between  them  and  the  forms  at  any  point.  In  using  very  large  plums,  this 
thickness  of  intervening  concrete  should  be  materially  increased. 

The  shape  of  particle  of  large  aggregates  is  of  relatively  little  importance.  Cleanliness,  grading,  and  char- 
acter of  rock  have  far  greater  influence  on  the  concrete  than  has  angularity  or  roundness  of  particle. 

116.  Impurities  in  Aggregates. — In  order  that  cement  may  adhere  to  sand  grains  and  to 
particles  of  coarse  aggregate,  each  grain  or  particle  must  bear  no  coating  such  as  would  prevent 
either  proper  chemical  action  between  cement  and  water,  or  a  proper  bond  between  cement  and 
aggregates. 

Clay  and  aiU  are  impurities  of  most  frequent  occurrence  in  sand  and  gravel.  Each  of  these  impurities  cause- 
injury  to  mortar  or  concrete  not  only  when  it  exists  as  a  coating  on  the  sand  or  gravel  particles,  but  is  equally  undes 
sirable  when  it  occurs  in  such  amounts,  or  so  unequally  distributed,  that  ite  extremely  fine  grains  "ball  up"  and 
stick  together  when  wetted,  so  as  to  remain  in  lumxM  in  the  finished  mortar  or  concrete.  If,  however,  the  particles 
of  these  impurities  are  distributed  so  that  they  do  not  bind  together  on  the  addition  of  water;  and  if  they  are  not 
contaminated  by  organic  matter,  experimente  have  shown  that  with  sand  that  is  not  too  fine,  no  serious  harm 
resulte  in  lean  mortars  and  concretes  from  their  presence  to  the  extent  of  from  10  to  15%.  In  fact,  either  clay  or 
silt  are  often  found  beneficial  as  they  increase  the  density  by  filling  some  of  the  voids,  thus  increasing  the  strength 
and  water-tightneBS  besides  making  the  morter  or  concrete  work  smoothly.  In  rich  mortars  and  concretes  the 
density  and  consequently  the  strength  is  lowered  by  even  slight  additions  of  day  or  silt  as  the  cement  furnishes 
all  the  fine  material  that  is  required. 

A  eoatinff  oS  organic  tnaUer^  such  as  loam  on  sand  grains,  appears  not  only  to  physically  prevent  the  cement  from 
adhering  but  also  to  affect  it  chemically.  In  some  cases  a  quantity  of  organic  matter  so  small  that  it  cannot  be 
detected  bythe  eye  and  is  only  slightly  disdoeed  by  chemical  tests  has  prevented  the  mortar  or  concrete  from  reach- 
ing any  appreciable  strength.  Tannic  add,  colloidal  sewage,  manure,  sugar,  tobacco  juice  are  instences  of  organic 
contaminatioii  destmotive  to  concrete.  All  organic  contaminations  are  detectable  by  the  Abrams-Harder  Test 
before  referred  to. 

Mica  in  sand  or  stone  is  objectionable  because  of  ite  low  mechanical  strength  and  its  laminated  scaly  structure. 
Even  a  small  amount  of  this  impurity  in  sand  may  seriously  reduce  the  strength  of  a  mortar  or  concrete.  Mica 
is  especially  injurious  in  sands  for  concrete  surface  work  as  the  scaly  flakes  cause  the  surface  to  dust  and  ped. 
Mica  above  1  %  is  objectionable.  It  is  detectoble  visually,  but  there  is  no  exact  method  in  use  to  determine  ite 
percentage  presence. 

Mica  schist  is  totally  unfit  for  use  as  large  aggregate,  both  because  of  the  foregoing  reasons  and  also  because  of 
ite  rapid  decomposition  on  exposure  to  air.     The  presence  and  character  of  this  is  detecteble  by  observation. 

Iran  pyritst  or  fool' 9  gold — a  bright,  yellow  substence  with  metellic  luster — is  chemically  iron  sulphide  (FetS). 
This  is  a  very  common  impurity  in  stone;  and  ite  undesirability  lies  in  ite  ready  oxidation  in  the  presence  of  water 
with  formation  of  sulphuric  add  (HtS04),  which  latter  readily  attacks  the  cement  of  concrete  with  disasterous 
consequences. 

Some  sand  depodte  also  contain  unoxidised  iron  sulphide,  though  euch  depoeite  are  an  exception. 

Fin/Ay  powdered  dual  present  in  crushed  stone  screenings  causes  approximately  the  same  effect  upon  the  strength 
of  mortar  or  concrete  as  does  the  presence  of  silt  or  clay  in  like  quantities.  It  is  essential  for  the  best  work  that 
this  dust  be  removed  by  screening  and  washing,  in  the  same  manner  that  silt  is  removed  from  sand  and  gravel, 
though  it  may  later  be  used  advantageously  in  known  quantities  by  recombination. 

117.  Water. — The  water  used  in  mixing  mortar  or  concrete  should  be  free  from  oil,  acids, 
alkalies,  or  vegetable  matter,  and  should  be  of  a  quality  fit  for  drinking  purposes.  The  presence 
of  oils  is  easily  detected  by  the  characteristic  iridescent  surface  film.  Vegetable  matter  can 
sometimes  be  detected  by  observing  floating  particles,  or  by  turbidity.  Chemical  determinations 
such  as  the  Abrams-Harder  Test  are  better  and  more  certain. 

Teste  of  water  for  addity  or  alkalinity  may  be  made  by  means  of  litmus  paper,  procured  at  any  chemist's. 
If  blue  litmus  remains  blue  on  immersing  in  the  water,  then  the  property  is  dther  neutral  or  alkaline;  if  the  color 
changes  to  red,  then  the  property  is  addle.  If  there  is  a  dangerous  amount  of  add  present,  the  change  in  color  will 
be  very  rapid.  likewise,  if  red  litmus  changes  very  quickly  to  blue,  the  water  will  be  found  to  contain  a  dangerous 
amount  of  strong  alkalL  If  the  change  of  color  is  slow  and  faint  in  dther  test,  the  indication  may  be  disregarded. 
A  solution  of  phendl-phthaldn  is  a  delicate  test  for  alkalinity. 

Whenever  a  water  does  not  appear  satisfactory,  ite  effect  upon  the  strength  and  setting  qualities  of  a  cement 
should  be  determined  by  direct  test  on  mixtures. 
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CONCRETE  REINFORCEMENT 

■ 

Bt  Gboroe  a.  Hool 

118.  Types  of  Reinforcement — The  reinforcing  steel  in  reinforced-concrete  construction 
is  mostly  in  the  form  of  rods,  or  bars,  of  round  or  square  cross-section.  These  vary  in  size  from 
}i  to  %  in.  for  light  floor  slabs,  up  to  1>^  to  1 3^  in.  as  a  maximum  size  for  heavy  beams  and  col- 
umns. Both  plain  and  deformed  bars  are  used.  With  plain  bars  the  adhesion  between  steel 
and  concrete  is  depended  upon  to  furnish  the  necessary  bond  strength.  With  deformed  bars 
the  usual  adhesion  is  supplemented  by  a  mechanical  bond,  the  amount  of  this  bond  in  any  given 
case  depending  upon  the  shape  of  the  bar.  The  adhesion  of  concrete  to  flat  bars  is  less  than  for 
round  or  square  bars,  but  the  flat  deformed  bar  possesses  advantages  over  other  forms  when 
used  as  hooping  for  tanks,  pipes,  and  sewers  where  the  reduced  thickness  of  the  bar  allows  the 
concrete  section  to  have  a  greater  effective  depth  for  the  same  total  thickness  of  concrete. 

Wire  fabric  and  expanded  metal  in  various  forms  are  used  to  a  considerable  extend  in  slabs, 
pipes,  and  conduits.  These  types  of  reinforcement  are  easy  to  place  and  are  especially  well 
adapted  to  resist  temperature  cracks  and  to  prevent  cracking  of  the  concrete  from  impact  or 
shock. 

A  number  of  combinations  of  forms  are  employed  to  a  greater  or  less  extent.  These  com- 
binations are  known  as  systems. 

110.  Surface  of  Reinforcement. — A  rough  surface  on  steel  has  a  higher  bond  value  for  use 
in  concrete  than  a  smooth  surface,  consequently  a  thin  film  of  rust  on  reinforcement  should  not 

cause  its  rejection.     In  fact  in  the  case  of  cold-drawn  wire 
which  presents  a  very  smooth  surface,  a  slight  coating  of  rust 
is  a  decided  advantage.    Loose  or  scaly  rust,  however,  should 
Fig.  17. — GoId-twiBted  square  bar.     never  be  allowed.     Reinforcement  in  this  state  of  corrosion 

may  be  used  if  first  cleansed  with  a  stiff  wire  brush  or  given  a 
bath  of  hydrochloric  acid  solution  (consisting  of  3  parts  acid  to  1  part  water),  and  then  washed 
in  clean  running  water.  Oiling  and  painting  of  reinforcing  steel  should  not  be  permitted  as  its 
bonding  value  is  greatly  reduced  thereby. 

120.  Quality  of  Steel. — Authorities  differ  as  to  the  quality  of  steel  to  be  used  for  reinforce- 
ment. Mild  steel  is  the  ordinary  structural  steel  occurring  in  all  structural  shapes.  High 
steel  or  steel  of  h^rd  grade  has  a  greater  percentage  of  carbon  than  mild  steel  and  is  also  known  as 
high-carbon  or  high  elastic-limit  steel. 

Brittleneas  10  to  be  feared  in  high  steel,  although  thia  quality  is  not  so  dangerous  when  the  metal  is  used  in 
heavy  reinforced-concrete  members — for  example,  in  heavy  beams  or  slabe — as  the  concrete  to  a  large  extent 
absorbs  the  shocks  and  protects  the  steeL  All  high  steel  should  be  carefully  inspected  and  tested  in  order  to  prevent 
any  brittle  or  cracked  material  from  getting  into  the  finished  wprk.  Steel  of  high  elastic  limit  is  seldom  employed 
where  plain  bars  are  used. 

Cold  twisting  increaaes  the  elaatio  limit  and  ultimate  strength  of  mild-steel  bars.  The  increase,  however,  is  not 
definite,  varying  greatly  with  slight  variations  in  the  grade  of  the  rolled  steeL  A  square  twisted  bar  is  shown  in 
Pig.  17. 

.  121.  Working  Stresses. — The  generally  accepted  working  stress  for  mild  steel  ia  16,000  lb 
per  sq.  in.  and  18,000  to  20,000  lb.  per  sq.  in.  for  high  steel  and  cold-twisted  steel.  A  stress  not 
greater  than  16,000  lb.  per  sq.  in.  is  recommended  by  the  Joint  Committee  for  all  grades  of  steel. 

122.  Coefficient  of  Expansion. — The  coefficient  of  expansion  of  steel  is  approximately 
0.0000065  degree  Fahrenheit. 

128.  Modulus  of  Elasticity. — The  modulus  of  elasticity  of  all  grades  and  kinds  of  steel  is 
about  the  same  and  is  usually  taken  as  30,000,000  lb.  per  sq.  in.  in  both  tension  and  compre^on. 

124.  Steel  Specifications. — Specifications  of  the  Association  of  American  Steel  Manufac- 
turers and  of  the  American  Society  for  Testing  Materials,  for  concrete  reinforcement  bars  rolled 
from  billets,  are  given  in  Appendix  D, 

Reinforcing  bars  rolled  from  old  rails  are  being  used  to  a  considerable  extent  in  reinforced  oonorete  work  and 
seem  to  be  giving  satisfaction,  especially  for  unimportant  work  such  as  footings,  retaining  walls,  and  poadbly  in 
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sUbfl  where  the  failure  of  one  rod  could  not  wreck  the  atructure.  Specifications  of  the  above  named  sodetiee,  for 
rail-ateel  concrete  reinforoement  bars,  are  also  given  in  Appendix  D. 

125.  Factors  Affecting  Cost  of  Reinforcing  Bars. — In  order  to  insure  minimiim  cost  and 
prompt  delivery  of  steel  reinforcing  bars,  the  steel  schedule  for  a  reinforced-concrete  structure 
should  call  for  bars  of  as  few  different  sizes  and  lengths  as  possible.  Bars  of  odd  16th  sizes 
are  seldom  to  be  found  in  stock  (except  the  ^tr^iL  size  which  is  frequently  used  for  slab  reinforce- 
ment) and  shipments  from  the  mill  on  such  sizes  are  likely  to  be  very  slow.  Designers  should 
always  bear  in  mind  this  fact  and  arrange  to  use  either  round  or  square  bars  in  j^-in.  sizes. 
Wherever  possible,  steel  lengths  that  do  not  vary  greatly  on  the  schedule  should  all  be  made 
equal  since  an  order  calling  for  only  a  few  different  lengths  will  be  put  through  the  mill  much 
faster  than  one  calling  for  many  different  lengths. 

The  following  sixe  extras  for  bars  leas  than  ^-in.  are  standard  with  all  mills  and  are  the  same  for  either  round  or 
square  bars: 

Sub  EkTBAS  fob  Rounds  and  Squares  in  Cents  peb  100  Lb. 

^i-in.  and  larger Base 

5^  to  * He-in 5  cts.  extra 

M  to  H«-in 10  cts.  extra 

Ks-in 20  cts.  extra 

H'in 26  cts.  extra 

Hs'in 35  cts.  extra 

yi-ixi. 50  cts.  extra 

It  should  be  noticed  that  a  higher  sise  extra  must  be  paid  for  an  odd  16th  siae  below  K-in.  than  for  the  next  larger 
H-in.  sise.  This  fact  alone  offsets  any  advantage  in  saving  steel  by  always  calling  for  the  nearest  theoretical  sise 
whether  odd  or  even. 

Where  the  character  of  the  work  requires  small  bars  a  saving  in  cost  is  obtained  by  using  round  bars  owing  to 
the  difference  in  siae  extras  between  rounds  and  squares  of  equivalent  area. 

Lengths  less  than  5  ft.  should  be  avoided,  if  possible,  as  they  are  subject  to  the  following  cutting  extras, 
whether  sheared  or  hot^-sawed: 

Lengths  over  24  in.  and  less  than  60  in 5  cts.  per  100  lb. 

Lengths  12  in.  to  24  in.  inclusive 10  cts.-  per  100  lb. 

Lengths  under  12  in 15  cts.  per  100  lb. 

An  orders  calling  for  less  than  2000  lb.  of  the  same  siie  and  shape  are  subject  to  the  following  extras: 

Quantities  less  than  2000  lb.  but  not  less  than  1000  lb 15  cts.  per  100  lb. 

Quantities  less  than  1000  lb 35  cts.  per  100  lb 

126.  Deformed  Bars. — The  following  deformed  bars  are  in  common  use:^ 

186a.  Diamond  Bar  (Fig.  18). — Furnished  by  Concrete-Steel  Engineering  Co., 
New  York  City.    The  standard  sizes  are  as  follows: 

Diamond  Barb 


Sise  in  inches 

K 

H 

He 

H 

« 

% 

H 

1 

IH 

1« 

Area  in  square  inches 

0.0625 
0.213 

0.1406 
0.478 

0.19 
0.65 

0.25 
0.85 

0.39 
1.33 

0.56 
1.91 

0.76 
2.60 

1.00 
3.40 

1.26 
4.30 

1.50 
5.31 

Weight  per  foot  in  pounds 

Fig.  18. — Diamond  bar. 

It  should  be  noted  that  the  weights  and  areas  of  Diamond  bars  are  equal  to  those  of  plain  square 
bars  of  like  denominations. 

<  Announcement  was  made  while  this  book  was  in  press  that  deformed  bar  manufacturers  will  roll  for  stock 
the  following  sues  only:  round  bars — Ht  H.  ^St  ^4t  Ht  1  «•;  •quare  bara—yi,  1,  IHi  1>4  in>  All  other  sises 
will  be  considered  special  (see  p.  962;. 
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1SS6.  Corrugated  Bars  (Fig.  19). — Furnished  by  Corrugated  Bar  Co.,  Bu£falo, 
N.  Y.    The  standard  sizes  are  as  follows: 

COBRUGATED  ROVNDS 


Siie  in  inches 

H 

H 

Ha 

H 

H 

H 

1 

IH 

IH 

Net  Area  in  sauare  inches 

0.11 
0.38 

0.19 
0.66 

0.25 
0.86 

0.30 
1.05 

0.44 
1.52 

0.60 
2.06 

0.78 
2.60 

0.90 
3.41 

1 

1.22 
4.21 

Weight  per  foot  in  pounds 

Corrugated  Squares 

Sise  in  inches 

hi 

• 

H 

H 

H 

y* 

H 

1 

m 

1>4 

Met  ares  in  saiiare  inches 

0.06 
0.22 

0.14 
0.40 

0.25 
0.86 

0.30 
1.35 

0.66 
1.04 

0.76 
2.64 

1.00 
3.43 

1.26 
4.34 

1.55 
5.35 

Weisht  DOT  foot  in  pounds 

^_r_r,f-   JP-.f^f,, 

\\»it£\^a\\Ai\\Ai^ 


City. 


FiQ.  19. — Corrugated  bars. 

126c.  Havemeyer  Bars  (Fig.  20). — Furnished  by  Concrete  Steel  Co.,  New  York 
The  following  table  gives  the  weights  and  areas  of  the  standard  Havemeyer  bars: 

Havemeter  Bars 


Sisein 

Squares 

Rounds 

Flats 

inches 

Area  in 

Weight 

Area  in 

Weight 

Area  in 

Weight 

square 

per  foot  in 

square 

I>er  foot  in 

Sisein 

square 

per  foot  in 

inches 

pounds 
0.212 

inches 

pounds 

inches 

1 

inches 

pounds 

H 

0.0625 

0.0491 

0.167 

1  X  K 

0.2500 

0.850 

Ms 

0.9770 

0.332 

IXH 

0.3750 

1.280 

H 

0.1406 

0.478 

0.1104 

0.375 

m  X  H 

0.4690 

1.590 

H 

0.2600 

0.850 

0.1963 

0.667 

IH  X  Hs 

0.4688 

1.590 

H 

0.3906 

1.328 

0.3068 

1.043 

IHXH 

0.5625 

1.913 

H 

0.5625 

1.913 

0.4418 

1.502 

IHXH 

0.7500 

2.550 

H 

0.7656 

2.603 

0.6013 

2.044 

IH  XH 

0.6563 

2.230 

1 

1.0000 

3.400 

0,7864 

2.670 

mxHs 

0.7656 

2.600 

IH 

1.2656 

4.303 

0.9940 

3.379 

1«  XH 

0.8750 

2.980 

IK 

1.5625 

5.312 

1.2272 

4.173 

i  _  _ 

Fig.  20. — Havemeyer  bars. 
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special  aiMs  of  IH-ia,  and  IK-in.  square  Havemeyer  baza  can  be  rolled  by  special  arrangeineiit,  but  are  not 
carried  in  atook.  A  sise  extra  of  10  eta.  applies  acainst  1  by  HAn.  and  IH  by  Ha-in.  flats:  all  other  sises  tabulated 
take  the  base  prioe. 


126d.  Rib  Bar  (Fig.  21).— Furnished  by  Trussed  Ck)ncrete  Steel  Co.,  of  YouDgs- 
town  OhiOf  and  Detroit,  Mich.    The  following  sizes  are  standard: 


Rib  Bar 


Sise  in  inohes 

Area  in 
s<iuare  inches 

1 
Weicht  per 
linear  foot 
in  pounds 

Sise  in 
inohes 

Area  in 
square  Inohes 

Weight  per 
linear  foot 
in  pounds 

H 
H 
H 

0.1406 
0.2500 
0.3006 
0.5625 

0.48 
0.86 
1.35 
1.05 

H 
1 

IH 

0.7656 
1.0000 
1.2656 

2.65 
3.46 
4.38 

Fig.  21. — Rib  bar. 


126e.  Inland  Bar  (Fig.  22).— Furnished  by  Inland  Steel  Co ,  Chicago. 
Sises  ^  in.  to  ^  in.  inclusive  with  single  row  of  stars  on  each  side. 
Sises  ^  in.  to  IK  ii^  inclusive  with  double  row  of  stars  on  each  side. 
Lengths  may  be  obtained  up  to  85  ft.    Supplied  in  both  open-hearth  steel  and  rail  carbon 


steel. 


Standard  sizes  are  as  follows: 


Inland  Bar 


Sise  in  inches 

H 

H 

H 

H 

H 

1 

IH 

m 

Am^  in  mnnmrtt  incheS.  .  .  .  .  .  r  .  .  -  - 

0.140 
0.485 

0.250 
0.862 

0.390 
1.341 

0.562 
1.932 

0.765 
2.630 

1.000 
3.434 

1.265 
4.349 

1.562 
5.365 

Weicht  per  foot  in  pounds 

Rail  carbon  steel  bars  not  rolled  larger  than  1  in. 


Fio.  22.~Inland  bar. 


1S6/.  American  Bars  (Fig.  23). — Furnished  by  American  System  of  Reinforcing 
Chicago.     The  following  sizes  are  standard: 

61 
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Amebican  Bars 


Siie  in  inches 

Squares 

Rounds 

• 

Net  area  in  square 

Weight  per  foot  in 

Net  area  in  square 

Weight  per  foot  in 

inches 

pounds 

inches 

pounds 

H 

0.141 

0.48 

0.110 

0.38 

H 

0.250 

0.85 

0.196 

0.68 

H 

0.301 

1.33 

0.307 

1.05 

H 

0.563 

1.92 

0.442 

1.51 

H 

0.766 

2.61 

0.602 

2.05 

1 

1.000 

3.40 

0.786 

2.68 

IH 

1.270 

4.31 

0.094 

3.38 

IVa 

1.560    • 

5.32 

1.230 

4.19 

Fio.  23. — American  bars. 


Many  of  the  sizes  of  reinforcing  bars  which  were  formerly  standard  and  which  were 
carried  in  stock  by  the  various  bar  companies  and  steel  merchants  are  almost  identical  in 
area.  The  labor  and  cost  of  rolling  and  carrying  these  in  stock  was  found  to  far  outweigh 
any  possible  advantage  from  a  designer's  standpoint.  For  this  reason  the  leading  companies 
dealing  in  steel  reinforcing  bars  decided  in  the  early  part  of  1920  to  limit  the  commercial 
sizes  which  they  would  regularly  carry  in  their  warehouses  to  the  ten  following: 


Area 

(sq.  in.) 

Equivalent  to 

Area 

(sq.  in.) 

Equivalent  to 

0.110 
0.196 
0.250 
0.307 
0.442 

H"  round 
W  round 
H"  square 
H"  round 
H"  round 

1 

0.601 
0.785 
1.000 
1.266 
1.563 

"H"  round 

1  "  round 

1  "  square 

IH"  square 

l^i"  square 

127:  Wire  Fabric. — This  material  is  used  to  a  considerable  extent  for  floors,  roofs,  walls, 
vaults,  pavement,  etc.,  and  has  been  found  to  possess  many  valuable  quahties.  Wire  fabric 
is  made  of  steel  wires  crossing  generally  at  right  angles  and  secured  at  the  intersections.  The 
heavier  wires  run  lengthwise  and  are  called  carrying  wires;  the  lighter  ones  cross  these  and  are 
called  distributing  or  tie  wires.  One  distinct  advantage  in  the  use  of  fabric  is  that  it  preserves 
uniform  spacing  of  the  steel. 

The  steel  wire  gage  adopted  as  standard  for  all  steel  wire  upon  recommendation  of  the 
United  States  Bureau  of  Standards  is  given  in  the  following  table: 
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Steel  Wire  Gage 


Diameter, 

Steel  wire 

Diameter, 

Area,  square 

Pounds  per 

Pounds  per 

Feet  per 

inches 

gagei 

inchee 

inches 

foot 

mile 

pound 

«   *  • 

0.5000 

0.19635 

0.6668 

3.521.0 

1.500 

*  ■  •  • 

7/0 

0.4900 

0.18857 

0.6404' 

3,381.0 

1.562 

»«i 

•  •  • 

0.46876 

0.17257 

0.5861 

3,094.0 

1.706 

«  •  • 

6/0 

0.4615 

0.16728 

0.5681 

2,999.0 

1.760 

He 

•  •  • 

0.4375 

0.15033 

0.5105 

2,696.0 

1.959 

•  •  •  • 

6/0 

0.4905 

0.14556 

0.4943 

2,610.0 

2.0^ 

»Hi 

•   >  * 

0.40625 

0.12962 

0.4402 

2,324.0 

2.272 

•  •  •  • 

4/0 

0.3938 

0.12180 

0.4136 

2.184.0 

2.418 

H 

«    •    ■ 

0.8750 

0.11045 

0.3751 

1.980.0 

2.666 

•  •  •  • 

3/0 

0.3625 

0. 10321 

0.8505 

1,851.0 

2.853 

»Hi 

•  •  • 

0.34375 

0.092806 

0.3152 

1,664.0 

3.173 

•  •  •  • 

2/0 

0.3310 

0.086049 

0.2922 

1,543.0 

8.442 

Ke 

•   • 

0.3125 

0.076699 

0.2605 

1,376.0 

8.839 

•  *  ■ 

0 

^     0.3065 

0.073782 

0.2506 

1.323.0 

3.991 

•  •  » 

1 

0.2830 

0.062902 

0.2136 

1.128.0 

4.681 

H. 

•  • 

0.28125 

0.062126 

0.2110 

1.114.0 

4.74 

•    ■    • 

2 

0.2625 

0.054119 

0.1838 

970.4 

5.441 

>i 

•  • 

0.2500 

0.049087 

0.1667 

880.2 

5.999 

•     •     • 

3 

0.2437 

0.046645 

0.1584 

836.4 

6.313 

•     •     ■ 

4 

0.2253 

0.039867 

0.1354 

714.8 

7.386 

Hi 

•   * 

0.21875 

0.037583 

0.1276 

673.9 

7.835 

•     •     • 

5 

0.2070 

0.033654 

0.1143 

603.4 

8.750 

■     *     • 

6 

0.1920 

0.028953 

0.09832 

519.2 

10.17 

«6 

•  • 

0.1875 

0.027612 

0.09377 

495.1 

10.66 

•    »    • 

7 

0.1770 

0.024606 

0.08356    ' 

441.2 

11.97 

•    •    ■ 

8 

0.1620 

0.020612 

0.07000 

369.6 

14.29 

Hs 

•  • 

0.15626 

0.019175 

0.06512 

343.8 

15.36 

•  •  • 

9 

0.1483 

0.017273 

0.05866 

309.7 

17.05 

H 

10 

0.1350 

0.014314 

0.04861 

256.7 

20.57 

•  •  • 

•  • 

0.125 

0.012272 

0.04168 

220.0 

24.00 

•  •  ■ 

11 

0.1205 

0.011404 

0.03873 

204.5 

26.82 

•  •  • 

12 

0.1055 

0.0087417 

0.02969 

156.7 

33.69 

Hs 

•   ■ 

0.09375 

0.0069029 

0.02344 

123.8 

42.66 

13 

0.0915 

0.0065755 

0.02233 

117.9 

44.78 

14 

0.0800 

0.0050266 

0.01707 

90.13 

58.58 

15 

0.0720 

0.0040715 

0.01383 

73.01 

72.32 

16 

0.0625 

0.0030680 

0.01042 

55.01 

95.98 

17 

0.0540 

0.0022902 

0.007778 

41.07 

128. GO 

1  Formerly  called  the  "American  Steel  ^  Wire  Co.'s  Gage." 

The  manner  of  securing  the  intersections  of  wire  fabric  haa  given  rise  to  a  number  of  differ- 
ent types,  several  of  the  principal  ones  of  which  are  given  below. 

127a.  Welded  Wire  Fabric— Welded  wire  fabric,  Fig.  24,  manufactured  by 
the  Clinton  Wire  Cloth  Co.,  is  a  galvanized  wire  mesh  made  up  of  a  series  of  parallel  long- 
itudinal wires,  spaced  a  xertain  distance  apart  and  held  at  intervals  by  means  of  transverse 
wires,  arranged  at  right  angles  to  the  longitudinal  ones,  and  welded  to  them  at  the  points  of 
intersection  by  a  patented  electrical  process.     Longitutdnal  wires  can  be  spaced  on  centers  of 
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2  or  more  in.)  in  steps  of  H  in.  Transverse  wires  can  be  spaced  on  centers  of  1  to  18  in.  inclu- 
sive,  in  steps  of  1  in.  and  on  centers  of  10  to  18  in.  inclusive,  in  steps  of  2  in.  The  following  table 
shows  the  sizes  and  areas  of  the  wire  used.  Rolls  kept  in  stock  vary  in  length  between  150 
and  200  ft.  and  between  56  and  100  in.  in  width.  The  wire  will  develop  an  average  ultimate 
strength  of  70,000  to  80,000  lb.  per  sq.  in. 


1 n.-.     n 

. 

4 — 11 — ir 

Fxa  24. — Welded  wire  fabrio. 


Wbldbd  Wibb  Fabbic 


Gage  of 

longitudinal 

wirea 

Diameter  of 

longitudinal 

wirea 

(inohea) 

Area  of  one 

longitudinal 

wire  (aquare 

inchea) 

Qage  of 

tranaverae 

wirea 

Spacing  of 

tranaverae 

wirea 

(inohea) 

Area   per  foot   of  width  in  longitudinal 
wirea  only 

Spacing  of  longitudinal  wirea 

2  in. 

3  in. 

4  in. 

5  in.        6  in. 

1 

0000 

000 

00 

0 

1 
2 

3 

4 
6 

6 
7 

8 

9 
10 

0.-394 
0.363 
0.331 

0.307 
0.283 
0.263 

0.244 
0.225 
0.207 

0.192 
0.177 
0.162 

0.148 
0. 135 

0.122 
0.1Q3 
0.086 

0.074 
0.063 
0.054 

.  0.047 
0.040* 
0.034 

0.029 
0.025 
0.021 

0.017 
0.014 

3 

4 
4 

6 
6 
8 

8 
9 
9 

10 
10 
10 

11 
12 

16 
16 
16 

16 
16 
16 

16 
16 
16 

16 
16 
12 

12 
12 

0.736 
0.619 
0.516 

0.443 
0.377 
0.325 

0.280 
0.239 
0.202 

0.174 
0.148 
0.124 

0.104 
0.086 

0.490 
0.413 
0.344 

0.295 
0.262 
0.217 

0.187 
0.160 
0.136 

0.116 
0.098 
0.082 

0.069 
0.067 

0.367 
0.310 
0.258 

0.221 
0.189 
0.162 

0.140 
0.120 
0.101 

o.q97 

0.074 
0.062 

0.062 
0.043 

0.294 
0.248 
0.207 

0.177 
0.151 
0.130 

0.112 
0.096 
0.081 

0.069 
0.059 
0.049 

0.041 
0.034 

0.245 
0.206 
0.172 

0.148 
0.126 
0.108 

0.093 
0.080 
0.067 

0.058 
0.049 
0.041 

0.035 
0.029 

Fia.  25. — Triangle-meah  wire  fabrio. 

1276.  Triangle-mesli  Wire  Fabric. — ^Triangle-mesh  steel-wire  fabric,  manu- 
factured by  the  American  Steel  &  Wire  Co.,  is  made  with  both  single  and  stranded  longitudinal 
or  tension  members.  That  with  the  single  wire  longitudinal  is  made  with  one  wire  var3ring  in 
size  from  a  No.  12  gage  up  to  and  including  a  H-in.  diameter,  and  that  with  the  stranded  longi- 
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tudinal  is  composed  of  two  or  three  wires  var3dDg  from  No.  12  gage  up  to  and  induding  No.  4 
wires  stranded  or  twisted  together  with  a  long  lay.  These  longitudinals  either  solid  or  stranded 
are  invariably  spaced  4-in.  centers,  the  sizes  being  varied  in  order  to  obtain  the  desired  cross- 
sectional  area  of  steel  per  foot  of  width  (See  Fig.  25). 

The  transverse  or  diagonal  cross  wires  are  so  woven  between  the  longitudinals  that 
triangles  are  formed  by  their  arrangement.  These  diagonal  cross  wires  are  woven  either  2  or 
4  in.  apart,  as  is  desired.  Triangle-mesh  wire  reinforcement  is  made  in  lengths  of  150,200,  and 
300  ft.  and  in  widths  from  18  fo  58  in.  (4-in.  steps).  The  table  following  shows  the  number  and 
gage  of  wires  and  the  areas  per  foot  width  when  the  longitudinals  and  cross  wires  are  spaced  4 
in.  on  centers. 

"^i ANGLE- Mesh  Wire  Fabric 


style 
number 

Number 

of  wires, 

each 

long. 

Gage  of  wire, 
each  long. 

Qageof 
oroes 
wires 

Sectional  area, 

long. 

sq.  in. 

Sectional  area, 

oroBs  wires, 

sq.  in. 

Cross-sectional 

area  per  foot 

width 

Approximate 

weight  per  100 

sq.ft. 

4* 

6 

14 

0.087 

0.025 

0.102 

42 

6* 

>" 

8 

14 

0.062 

0.025 

0.077 

34 

6* 

10 

14 

0.043 

0.025 

0.058 

27 

7* 

12 

14 

0.026 

0.025 

0.041 

21 

23» 

Va 

12H 

0.147 

0.038 

0.170 

72 

24 

4 

12H 

0.110 

0.038 

0.142 

62 

25 

f 

5 

12H 

0.101 

0.038 

0.124 

55 

26' 

f 

6 

12H 

0.087 

0.038 

0.110 

50 

27» 

8 

12H 

0.06^  ^ 

0.038 

0.085 

41 

28* 

10 

12H 

0.043 

0.038 

0.066 

34 

29* 

12 

12M 

0.026 

0.038 

0.049 

28 

31* 

2 

4 

12H 

0.238 

0.038 

0.261 

106 

32* 

2 

5 

12H 

0.202 

0.038 

0.225 

02 

33 

2   - 

6 

12H 

0.174 

0.038 

0.196 

82 

34 

2 

8 

12>i 

0.124 

0.038 

0.146 

63 

35 

2 

10 

12H 

0.086 

0.038 

0.109 

50 

36 

2 

12 

12H 

0.052 

0.038 

0.075 

37 

38* 

3 

4 

12H 

0.358 

0.038 

0.380 

151 

39 

3 

5 

12H 

0.303 

0.038 

0.325 

130 

40* 

3 

6 

12H 

0.260    ' 

0.038 

0.283 

114 

41 

3 

8 

12>^ 

0.185 

0.038 

0  208 

87 

42* 

3 

10 

12H 

t).129 

■ 

0.038 

0.151 

66 

43 

3 

12- 

12X 

0.078 

0.038 

0.101 

47 

Elastic  limit  of  regular  stock  is  from  50.000  to  60,000  lb.  per  sq.  in.    Ultimate  strength  is  85,000  lb.  per  sq. 
in.  or  over.    Higher  elastic  limits  and  breaking  strengths  are  furnished  when 
required.    Material  may  be  obtained  either  plain  or  galvanised.    Unless  other- 
wise specified,  shipments  are  made  of  material  not  galvanised. 

127f.  Unit  Wire  Fabric. — A  rectangular-mesh 
staple-locked  fabric  (Fig.  26)  is  furnished  by  the  American 
System  of  Reinforcing.  The  wire  used  is  of  high  tensile  steel 
and  is  secured  at  the  intersections  by  No.  14  wire.  Standard 
sizes  are  shown  in  the  following  table.  The  fabric  is  galvanized 
and  comes  in  standard  widths  of  3,  4,  and  5  ft.,  200  lin.  ft.  in  a  roll. 


Fig.  26.— Unit  wire  fabric. 


*  Styles  usually  carried  in  stock. 
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Unit  Wihb  Fabric 


Gage  of  lonKitudinal 
wires 

Gage  of  ero08 
wirea 

Dbtanoe  center  t^,  center 
in  inches 

Secti  >nal  area  in 

sq.  in.,  foot 

width 

Longitudinal 
wiree 

Croas 
wires 

11 

10 

9 

9 

9 
8 
7 
6 

6 
4 

3 

11 
10 

6 
6 
6 
4 

3 
4 
4 

4 

4 
4 
4 

6 

6 

6 

12 

12 
12 
12 
12 

12 
12 
12 

0.023 
0.028 
0.035 
0.05 

0.07 
0.062 
0.074 
0.087 

0.10 
0.12 
0.14 

Fia.  27— —Lock-woven  steel  fabric. 


Vlld.  Lock-woyen   Steel  Fabric — 

Lock-woven  steel  fabric  (Fig.  27)  is  also  known 
as  Page  Special  Process  fabric.  It  is  manufac- 
tured by  the  Page  Woven  Wire  Fence  Co.,  of 
Monessen,  Pa.  and  is  controlled  by*W.  W.  Wight 
k  Co.  of  New  York  City.  This  fabric  is  usually 
mtCde  54  in.  wide  with  special  widths  from  18  to  54 
in.  The  longitudinal  wires  are  made  by  a  special 
process  which  gives  them  an  ultimate  tensile 
strength  of  180,000  lb.  per  sq.  in.  with  an  elastic 


LocK-wovBN  Stbbl  Fabric 


Gage 

Spacing  in  inches 

Sectional 

Ultimate 

Style 

area  in  sq.  in. 
per  foot  width 

strength  in 
pounds  per 
foot  width 

Weight  per 
100  sq.  ft. 

Long. 

i 

Trans. 

Long. 

Trans. 

HP 

14 

3 

^  12  . 

0.0201 

3.621 

11.04 

13P 

13 

3 

12 

0.0265 

4.790 

12.91 

12P 

12 

*  * 

3 

12 

0.0350 

6.300 

15.85 

IIP 

11 

3 

12 

0.0452 

8.140 

17.47 

9P 

9 

—        M 

3 

12 

0.0080 

12.390 

28.62 

8P 

8 

3 

12 

0.0824 

14.280 

34.82 

7P 

7 

3 

12 

0.0984 

17.720 

39.48 

14D 

14 

IH 

12 

0.0402 

7.242 

22.08 

13D 

13 

IH 

12 

0.0532 

9,580 

25.82 

12D 

12 

IH 

12 

0.0700 

12.600 

•  31.70 

IIHD 

Wi 

IH 

12 

0.0795 

14.313 

33.25 

IID 

11 

IH 

12 

0.0904 

16.290 

34.94 

9HD 

9H 

IH 

12 

0.12498 

22.450 

53.43 

9D 

9 

IH 

12 

0.1376 

24.780 

57.20 

8D 

8 

\H 

12 

0.1648 

29.640 

60.64 

7D 

7 

IH 

12 

0.1968 

35,440 

1 

78.96 
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limit  of  about  70  %  of  the  ultimate.  The  material  is  galvanized  and  is  furnished  in  rolls 
of  150,  300,  450  and  600  ft.  in  length.  The  table  on  p.  966  gives  the  characteristics  of  the 
different  styles. 

187e.  Wlsco  Reinforcing  Mesh. — Wisco  mesh  is  manufactured  by  the  Witherow 
Steel  Co.,  Pittsburgh,  Pa.  It  is  made  from  the  best  grade  of  open-hearth  steel  and  has  a  high 
tensile  strength.  All  longitudinals  are  spaced  3  in.  c.  to  c.  and  cross  wires  12  in.  c.  to  c.  Stand- 
ard rolls  are  150  and  300  ft.  in  length.  'Width  of  rolls  are  furnished  in  any  multiple  of  3  in. 
from  18  to  45  in.     Properties  of  the  Wisco  mesh  are  given  in  the  following  table: 


Wisco  Mesh 


style 

Seetionftl 

area  per 

foot  width 

Weight  pw 
•Quarefoot 

Style 

Sectional 

area  per 

foot  width 

Weight  per 
square  foot 

Style 

Sectional 

area  per 

foot  width 

Weight  per 
square  foot 

14 
12 
11 
10 

0  020 
0.035 
0  046 
0.058 

0.110 
0.158 
0.175 
0  228 

9H 
9 
8 
7 

0.062 
0.069 
0  083 
0  098 

0.277 
0.286 
0.341 
0.395 

6 
29 
27 
26 

0.116 
0.138 
0.197 
0.230 

0.465 
0.^56 
0.775 
1.036 

Fig.  28. — ^Expanded  metal. 


128.  Eiqmnded  Metal. — ^Expanded  metal  (Fig.  28)  is  one  of  the  oldest  forms  of  sheet  rein- 
forcement. It  is  formed  by  slitting  a  sheet  of  soft  steel  and  then  expanding  the  metal  in  a 
direction  normal  to  the  axis  of  the  sheet.  The  principal  advantages  claimed  for  this  type  of 
reinforcement  are  the  following:  (1)  An  increased  ultimate  strength  and  high  elastic  limit  for 
low-carbon  steel  when  the  diamond-shaped  meshes  are  formed  by  cold  drawing  the  metal;  (2) 
a  mechanical  bond  with  the  surrounding  concrete;  (3)  great  efficiency  in  the  carrying  of  concen- 
trated loads  due  to  the  obliquity  of  the  str^^nds;  (4)  an  increased  ductility  because  of  the  fact 
that  the  diamonds  or  quadrilaterals  tend  to  close  under  severe  loading;  (5)  a  greater  slab  strength 
as  the  effect  of  closing  up  of  the  diamonds  is  to  introduce  a  compression  into  the  concrete  at  the 
lower  part  of  the  slab.  Expanded  metal  and  other  sheet  metal  is  made  according  to  the  U.S. 
Standard  gage  which  differs  but  slightly  from  the  Steel  Wire  ga^re  given  on  page  963. 

128a.  Steelcrete. — Manufactured  by  the  Consolidated  Expanded  Metal  Co., 
Rankin,  Pa.  The  designation  of  the  tnaterial  gives  the  width  of  the  diamond,  the  gage  of  the 
plate  and  the  cross-section  per  foot  of  width.  Size  3-9-15  means  that  it  is  a  3-in.  diamond, 
made  out  of  No.  9  plate,  having  a  sectional  area  per  foot  of  width  of  0.15  sq.  in.  All  standard 
meshes  have  a  diamond  3  by  8  in.  The  standard  sizes  and  gages  are  given  in  the  table  on 
p.  968: 


The  CoDtolidated  Expanded  Metal  Co.  also  makee  to  order  a  6-in.  mesh,  the  sise  of  the  diamond  being  6  by 
16  in.  The  gage  of  i^te  used  is  No.  4,  or  nearly  H  in*  thick.  Any  cross-sectional  area  desired  up  to  and  including 
0.4  sq.  in.  can  be  obtained.  The  width  of  the  sheets  depend  on  the  sectional  area.  This  company  also  makes 
a  4-in.  mesh  from  No.  16  plate  which  is  imezpanded.  Any  length  can  be  obtained  up  to  16  ft.  The  cross-sectional 
area  per  foot  of  width  is  0.003  sq.  in.     Special  meshes  can  be  obtained  having  diamonds  of  ^  in.,  IH  in-i  snd  2  in. 
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''Stbelcretb"   Expanded  Metal 


J 

Sise  of  mesh 

No.  of 

sheets 

in  a 

bundle 

No.  of 

sq.  ft. 

in  a 

bundle 

1 

Designa- 
tion of 
mesh 

Width  of 
diamond 
in  inches 

Length  of 
diamond 
in  inches 

Section  in 
sq.  in.  per 
ft.  of 
width 

Wt  per 

sq.  ft.  in 

pounds 

Siseof 

standard 

sheets 

1 

Wt.  per 

bundle 

in  lb. 

3-13-075 

3 

8 

0.076 

0.27 

10 

/  6*0"  X    8'0" 
\  6'0"  X  12'0" 

480 
720 

129.6 
194.4 

3-13-10 

3 

8 

0.10 

0.37 

7 

/  6'9"  X    8'0" 
\  6'9"  X  12'0" 

378 
567 

139.9 
209.8 

3-13-125 

3 

8 

0.125 

0.46 

7 

/  5'3"  X    8'0" 
\  6'3"  X  12'0" 

294 
441 

135.2 
202.9 

3-^15 

3 

8 

0.15 

0.55 

5 

/  7'0"  X    8'0" 
\  7'0"  X  12'0" 

280 
420 

154.0 
231.0 

3-9-20 

3 

8 

0.20 

0.73 

5 

/  5'3"  X    8'0" 
\  5'3"  X  12'0" 

210 
315 

153.3 
230.0 

3-9-25 

3 

8 

0.25 

0.92 

5 

/  4'0"  X    8'0" 
\  4'0"  X  12'0" 

160 
240 

147.2 
220.8 

3-9-30 

3 

8 

0.30 

1.10 

2 

/7'0"X    8'0" 
\  TV  X  12'0" 

112 
168 

123.2 
184.8 

3-^-35 

3 

8 

0.35 

1.28 

2 

/  6'0"  X    8'0" 
\  6'0"  X  12'0" 

96 
144 

122.9 
184.3 

3-(y-40 

3 

8 

0.40 

1.46 

2 

/7'0"X    8'0" 
\  7'0"  X  12'0" 

112 
168 

163.5 
245.3 

3-6-46 

3 

8 

0.45 

1.65 

2 

/  6'3"  X    8*0" 
\  6'3"  X  12*0" 

100 
150 

165.0 
247.5 

»-6-50 

3 

8 

0.50 

1.83 

2 

/  5'9"  X    8'0" 
1  6'9"  X  12'0" 

92 

138 

168.4 
252.5 

3-6-65 

3 

8 

0.55 

2.01 

2 

/  6'3"  X    8'0" 
\  5'3'/  X  12'0" 

84 
126 

168.8 
253.3 

3-6-60 

3 

8 

0.60 

2.19 

2 

/  4'9"  X    8'0" 
\  4'9"  X  12'0" 

76 
114 

166.4 
249.7 

128&.  Kahn  Mesh.-r-Maiiufactured  by  the  Trussed  Concrete  Steel  Co.,  of 
Youngstown,  Ohio,  and  Detroit,  Mich.  The  standard  sizes  and  gages  are  the  same  as  for 
"Steelcrete.''  The  Kahn  Mesh  may  also  be  obtained  with  larger  diamonds  for  reinforcing 
concrete  pavements.     The  sizes  of  the  Kahn  Road  Mesh  follow: 

Kahn  Road  Mesh. 


Sise  No. 

Decimal 
designation 

• 

Sise  of  mesh 

Sectional  area 

in 
square  inches 

Width  of  diamond 
in  inches 

Length  of  diamond 
in  inches 

■ 

15 
20 
22 
25 
28 
30 
32 

6-13-042 

6-13-053 

6-13-058 

6-13-066 

6-13-074 

6-9-079 

6-9-085 

6 
6 
6 
6 
6 
6 
6 

12 
12 
12 
12 
12 
12 
12 

0.042 
0.053 
0.068 
0.066 
0.074 
0.079 
0.085 

No.  of  sheets  in  bundle.  10.     Standard  width  of  sheets,  5  ft.     Standard  lengths  of  sbeeta,  8  ft.,  10  ft.,  i2  ft.,  or 
any  equal  divisions  of  these  lengths. 

128c.  Corr-X-Metal.— Furnished  by  the  Corrugated  Bar  Co.,  Buflfalo  N.Y. 
The  weights,  sectional  areas,  and  standard  sizes  of  sheets  are  given  in  the  following  table: 
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CorR'X-Metal 


Sise  of  mesh. 

Nominal  thiokoeas 

Approz.  weight 

Net  MO.  area  per 

style 

short  way 

of  metal 

per  aq.  ft. 

foot  of  width 

Gnohes) 

(gase) 

(pouoda) 

(sq.  in.) 

F 

3 

10 

0.61 

0.150 

G 

3 

10 

0.6 

0.176 

H 

3 

10 

0.9 

0.265 

J 

3 

10 

1.2 

0.853 

K 

3 

16 

0.278 

0.082 

L 

2K 

16 

0.4 

0.118 

M 

2>i 

12 

0.56 

0.164 

R 

IH 

12 

'     0.66 

0.104 

8 

Va  ■ 

13 

0.84 

0.246 

Standard  Sizb  Sheets 


Style 

Long  way  of  diamond 

Short  way  of  diamond 

F 

6',  8',  y  and  10*  8" 

3'.  4',  6'  and  6* 

G 

6',  8',  y  and  10'  8" 

3',  4\  5  and  6' 

H 

6',  8'.  d'  and  W  8" 

4'       and  5'  4" 

J 

6'.  8',  9' and  10' 8" 

3'.  4'.       and  6' 

K 

6'  and  8'  and  10'  8" 

3*,  4',  5'  and  6' 

L 

6'  and  8'  and  10'  6" 

3',  4',  5'  and  6* 

M 

6'  and  8'  and  10'  6" 

4'       and  5'  4" 

R 

6* 

3',  4',  6'  and  6' 

S 

O' 

3'.  4^  5'  and  6* 

128d.  Econo. — FurniBhed  by  the  North  Western  Expanded  Metal  Co.,  Chicago, 
111.    Standard  sizes  and  weights  are  as  follows: 

Econo  Expanded  Metal 


Weight  per 

I^o. 

square  foot 
(pounda) 

Meah  and  s&ge 

Widths,  feet 

Jiengths,  feet 

06-3 

0.20 

3"— 16  sa. 

8.4,6 

8  and  12 

10-3 

0.34 

3"— 12  ga. 

3.4.6 

Sand  12 

15-3 

0.51 

3"--10  ga. 

3.4.6 

8'.  10'  6"  and  12' 

16-3 

0.55 

3"-*10  ga. 

3.4.6 

8'.  10*  6"  and  12' 

20^ 

0.68 

8"— 10  ga. 

8,4,6 

8'  10*  6"  and  12" 

25-3 

0.85 

8"— 10  ga. 

3.4,6 

8'  10'  6"  and  12' 

30-3 

1.02 

3"— 10  ga. 

3.4,6 

8',  10'  6"  and  12" 

35-3 

1.10 

8"— 10  ga. 

3.4,6 

8',  10'  6"  and  12' 

40^ 

1.86 

3"—  7  ga. 

3'  6".  7'  0" 

8  and  12 

-     ia-2H 

0.34 

2K"— 16  ^. 

3,4.6 

8  and  12 

15-2H 

0.51 

2>i"— 12  ga. 

3*4.6 

Sand  12 

20-2K 

0.68 

2H"— 10  ga. 

8.4.6 

8  and  12 

4a-2fi 

1.86 

2fi"—  7  ga. 

3'  6",  r  0" 

8  and  12 

10-lH 

/0.84 

IH"— 18  ga. 

8,4.6 

8  only 

0.34 

IH"— 16  ga. 

8.4.6 

Sand  12 

20-lH 

0.68 

l>i"— 12  ga. 

8,4,6 

Sand  12 

15-K 

0.51 

«"— 16  ga. 

8,4,6 

Sand  12 

25-M 

0.85 

H"—12  ga. 

8,4,6 

8  and  12 

0-H 

0.68 

H"— 18  ga. 

3.4,7 

8  only 

24-H 

0.82 

H"— 16  ga. 

2.4 

8  only 

The  firrt  two  figures  in  the  first  column  give  the  area  of  steel  and  the  last  figure  gives  the  short  dimensions  of  mesh. 
Thus  No.  30-3  has  an  area  of  0.30  sq.  in.  per  12  in.  of  width  and  has  a  mesh  3  in.  widel 
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12Se.  GF  Expanded  ltl«tal. — Manufactured  by  the  General  Fireproofing  Co., 
Youngstown,  Ohio.     Standard  sizes  are  given  in  the  following  table. 


GF  ExFAKDED  Metal 


Style 

Approx.  weight  per 
»q.  ft.  in  pounds 

Deliveries 

Standard 

siie  sheets 

Lengths 

Widths 

Long  way  of  diamond  Short  way  of  diamond 

8-10-176 

0.60 

6'.  8\  9'.  10'-«" 

3'.  4',  5'.  6*^ 

3-10-265 

0.90 

6',  8'.  9',  W-*" 

4'.  5'-4" 

8-10-853 

1.20 

Carried  in  stock 
in  standard  sheets 

6',  8',  9',  lO'-B" 

3',  4\  6' 

3-12-160 

0.51 

6',  8'.  9'.  lO'-S" 

3'.  4',  6' 

lH-12-194 

0.66 

6',  8' 

3'.  4',  6' 

^-12-246 

0.84 

6',  8' 

8',  4',  6' 

3-10-324 

1.10 

6',  8',  9',  10'-8" 

4'-4" 

3-10-25 

0.85 

6',  8'.  9',  10'-8" 

5'-8" 

8-10-20 

0.68 

6',  8',  9'.  10'-8" 

5'-6" 

3-10-162 

0.55 

6',  8'.  9',  10'-8" 

3',  4'-6" 

3-10-15 

0.61 

6',  8',  9',  10'-8" 

8',  6' 

a-12-125 

0.425 

6'.  8'.  9',  10'-8" 

4'-4",  6'-6" 

3-12-10 

0.34 

6'.  8',  9',  10'  -8" 

4',  6'-4" 

8>16-082 

0.278 

6',  8',  10'-8" 

3',  4',  5'.  6' 

a-16-059 

0.20 

Five  days 

6'.  8',  ly-S" 

8'.  4',  6' 

2>i-12-l64 

0.56 

to  two 

6',  8',  10'-6" 

4'.  5' 

2>i-16-118 

0.40 

weeks 

6',  8',  10'-6" 

8',  4'.  6' 

2>i-16-10 

0.34 

dependent 
on  sise 

6',  8'.  10'-6" 

4'.  5' 

2-12-161 

0.547 

order 

6',  8' 

4'.  5' 

2-16-103 

0.351 

and 

6',  8' 

4'.  5' 

lM-12-181 

0.61 

unfilled 
business  on 

6',  8' 

4'-3" 

lH-16-105 

0.36 

books 

6',  8' 

4'.  5' 

lH-18-088 

0.308 

6'.  8' 

8'.  6' 

1-12-234 

0.796 

6'.  8' 

4'-8'' 

1-16-175 

0.697 

6',  8' 

3'.  4'.  6' 

1-18-126 

0.426 

6',  8' 

4'-4" 

Ji-16-154 

0.525 

6'.  8 

4'-4" 

^-18-147 

0.50 

6',  8 

8'-8" 

M-18-220 

0J5 

6',  8' 

4' 

3-7-609 

2.00 

6',  8'.  9',  10'-8' 

5' 

3-6-660 

1.87 

Mill 

6'.  8'.  9',  10'-8" 

3',  4',  6' 

3-6-500 

1.70 

shipment 
only 

6'.  8'.  9M0'-8"     • 

4'-4" 

3-6-450 

1.53 

6'.  8*.  9'.  10'-8" 

4'-8" 

3-7-400 

1.36 

6',  8',  9',  10'-8" 

5' 

Note. — Interpret  styles  as  follows:  For  example  3-10-176.     3  equals  short  dimeosion  of  diamond  in  inches; 
10  equals  approximate  gage;  176  equals  0.176  sq.  in.  sectional  area  per  foot  of  width. 


Sec.  7-1291 


BUILDING  MATERIALS 


971 


129.  Rib  Metal. — Rib  metal  is  manufactured  by  the  Trussed  Concrete  Steel  Co.,  and  con- 
sists of  nine  longitudinal  ribs  rigidly  connected  by  light  cross  members.  It  is  made  from  a 
sheet  of  metal,  flat  on  one  side  and  corrugated  on  the  other.  Strips  of  the  metal  adjacent  to 
the  ribs  are  stamped  out,  and  the  sheet  is  drawn  out  into  square  meshes  (Fig.  29).  The  standard 
sheets  are  manufactured  with  meshes  of  from  2  to  8  in.  and  in  all  lengths  up  to  18  ft.  The  prop- 
erties of  rib  metal  are  given  in  the  table  which  follows: 


Orp  -Rx-  ^ 
splicing  sheets 


Fig.  20. — Rib  metal. 


Rib  Metal 

• 

Sise 
No. 

Width  of 

standard  sheet, 

incties 

Sq.  ft.  per 

linear  foot  of 

standard  sheet 

Area  per  ft. 
width,  sq.  in. 

UU.  tensUe 

strength  per  foot 

of  width 

Safe  tensile 

strenicth  per 

foot  of  width, 

pounds 

2 
3 

4 

5 
6 

7 
8 

16 
24 
32 

40 
48 
56 
64 

1.33 
2.00 
2.67 

3.33 
4.00 
4.67 
5.33 

0.54 
0.36 
0.27     . 

0.216 
0.18 
0.154 
0.135 

38.880 
25,920 
19,440 

15,552 

12,960 

11,088 

9.720 

9,720 
6,480 
4,860 

3,888 
3,240 
2,772 
2,430 

Area  of  one  rib  »  0.09  sq.  in. 
intimate  tensile  strength  »  6480  lb. 
Safe  tensile  strength  «  1620  lb. 


130.  Self-centering  Fabrics. — Permanent  centering  fabrics  (used  mostly  for  reinforcement 
in  concrete  floor  slabs  resting  on  steel  beams)  are  stififened  by  rigid,  deep  ribs  which  do  away 
with  the  use  of  slab  forms.  The  mesh  is  made  small  enough  to  prevent  ordinary  concrete  from 
passing  through.  The  centering  fabric  is  laid  over  the  supports,  the  concrete  is  poured  on  top 
and  the  under  side  plastered.  A  simple  brace  along  the  middle  of  the  slab  span  is  sometimes 
required  to  give  sufficient  strength  to  the  ribs  until  the  concrete  has  set.  The  permanent  cen- 
tering fabrics  may  be  obtained  either  in  flat  or  segmental  form. 

A  serious  disadvantage  in  this  type  of  construction  is  the  difficulty  of  providing  efficient 
fire-protection  on  the  under  side  of  the  fabric.  Bond  with  the  concrete  is  also  likely  to  be 
insufficient. 


972  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Son.  7-130a 

180a.  Hy-Rib.— Hy-Rib  <Fig.  30)  is  a  Bteel  sheathing,  stiffened  by  deep  ribs 
formed  from  a  aingle  sheet  of  steel.  '  It  is  controlled  by  the  Trussed  Coiicret«  Steel  Co.  of 
Youngstown,  Ohio,  aad  Detroit,  Mich. 


Fjo.  30.— Hy-rih. 

Hy-Rib 


Type 

>(Hy.Kib 

Formerly 

HdBhtof 
rib* 

(inchaa) 

SpMingof 
rib. 
(inchHl 

Widtb  of 

«h«ta 

finch«] 

II.  S.  SUndard 

IH-I 

.  Hr-Rib 

Deep-Rib 

IH 

■, 

,., 

23.  M.  !« 

D.  Hy-Rib 

7-Rib 

23.  24,  26.  28 

'K.- 

a.  Hy-Rib 

a-Bib 

'H. 

8 

18 

24,  ae.  28 

H-i" 

ily-Rib 

e-Rib 

H 

* 

20 

34,  26,  28 

Standard  lenKha,  6,  3.  and  12  It. 

Other  lenfthB  4re  cut  frDmitandardlenglha  without  charge  except  for  iraote- 

IH-in-  ■nd   'Hs-in,  Hy-Rib  an  ehipped  in  bundled  of  8  Bheete:  ^H*-ia-  and  K-in>  Hy-Rib  io  bundle*  of 
16  sheet*. 

1306.  CDiT-Meah.— Corr-Mesh  (F^.  31)  is  furnished  by  the  Corrugated  Bar 
Co.,  Buffalo,  N.  Y.  It  is  a  stifF-ribbed  expanded  metal,  the  ribs  being  spaced  3%2  in.  c.  to  c. 
The  height  of  the  ribs  is  ?i  in.  and  the  width  of  the  sheets  is  12^  in.  c.  to  c.  of  outside  ribs. 


The  standard  gages  are  No.  24,  No.  26,  and  No.  28,  although  other  gages  can  b«  obtuned  if 
required.  The  standard  lengths  are  6,  8,  10  and  12  ft.  The  sheets  are  furnished  either  flat  or 
in  various  types  of  curves.     All  metal  is  shipped  painted  unless  specifically  ordered  otherwise. 

130c  SeU-Sentering.— Self-Sentering  (Fig.  32)  is  manufactured  by  the  General 
Flreproofing  Co.,  Youngstown,  Ohio.  It  is  made  up  of  a  series  of  heavy,  cold-drawn  ribs,  'Jfg 
in.  high,  always  spaced  3%  in,  c.  to  c,  connected  by  a  form  of  expanded  metal — all  cut  10,  11, 
and  12  ft.  Longer  lengths  up  to  14  ft.  furnished  on  special  order.  Self-Sentering  is  made  of 
No.  24,  26,  and  28-gage  metal. 

ISOd.  Cbanelath.— Chanelath  (Fig.  33),  furnished  by  the  North  Wefitflrh  Ex- 
panded  Metal  Co,,  Chicago,  111,,  is  a  type  of  expanded  metal  composed  of  a  eeriea  of  heavy 
cold-formed  st«el  T-ribs  connected  ogetherby  e  mesb  known  as  "Koo-Burn"  metal  lath.  The 
T-ribs  are  %  in.  high  and  spaced  4  in.  c.  to  c.  The  flange  of  the  T  is  J^  in.  n-ide.  Chaoelath 
is  manufactured  and  carried  in  stock  ready  for  immediateshipment  in  the  following  nies  of 
sheets:  Lengths— 3,  4,  5,  6,  7,  8,  9,  10,  11,  and  12  ft;  width*— 4,  8,  12,  16,  20,  2|,  28,  32, 
36,  40,  44,  and  48  in. 
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130e.  Rlbplox. — Ribplen  manufactured  by  the  Berger  Mfg.  Co.,  Canton,  Ohio, 
is  an  expanded  metal  with  riba  4.8  in.  on  oenters  and  ^  in.  high.  Standard  sheets  are  24  in. 
wide  and  arc  carried  in  hUkIc  in  4,  5,  6,  7,  8,  9,  10,  1 1,  and  12-ft.  lengths.  Sheets  are  made  in 
28,  26,  and  24  gages. 


Fto.  32.— Self-Stntering. 

iiOf.  Dnvetailed  Comigated  Sheets, ^-Sheets  of  thin  ateel  comigBted  so  aa  to 
form  dovetailed  groovea  are  manufactured  by  the  Brown  HoiBting  Machinery  Co.,  Cleveland, 
Ohio,  and  by  the  Berger  Mfg.  Co.,  Canton,  Ohio.     The  firat  mentioned  company  manufacturea 


Fia.  33.— ChsDelath. 


a  plate  known  areas  Ferroinclaveand  thelattercompanyfurnishes  two  typeeof  plateaknowna 
Ferro-Lithic  and  Multiple  Steel.  The  dovetailing  in  theae  plates  serve  to  unite  the  plates  to  the 
concrete. 


131.  Reinforcing  Systems  for  Beams,  Girders,  and  Columns. 

ISla.  Eahn  SyBtem.^The  Kahn  tniaaed  bar  (Fig.  34),  named  tor  its  inventor 
is  rolled  with  flangea,  which  are  bent  up  to  resist  the  shear  in  the  beam.  For  continuous  beams, 
inverted  bars  are  placed  over  the  supports  in  the  upper  part  of  the  beam,  extending  over  the 
region  of  tension.    Prapertieti  of  Kahn  trussed  bars  are  shown  in  the  following  table: 
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Kahn  Tbussbd  Bars 


Siie  in 
inches 
a  X  6 

Weight 
in 

pounds 
per 
foot 

Area 

Length  of  diagonals 
in  inches 

Standard 

Special 

Square  Section  Bars 

HXIH 
HX2Hii 

1.4 
2.7 

0.41 
0.79 

12 
12,  24.  36 

6,    8.  18 
8,  18.  30 

New  Section  Bars 

1HX2K 
1KX2^ 

2     X3H 

4.8 
6.8 

10.2 

■ 

.  1.41 
2  00 
3.00 

12,  24.  36 
36 
36 

8,  18,  30 
24,  30.  48 
24,  '30.  48 

NoTB^S,  12,  18,  24,  30,  36,  and  48-in.  diagonals  are  sheared  alternately.    Six-in.  diagonals  only  are  sheared 
opposite. 


nlrtfbrGtd  with 
Hy-rib 


3fm/  Fhnf^k:^ 
.COnBhvchon  } 


'^-^ 


a==r 


floor  ffnfshed  wifh 
TruB^eon  fhor  enamaf 


Colhp^bh 
aA/mn  hoopfjy 

N.  Rfbhars  ibr 

rerfioai  rwir^brotmsrf 


T 


1     i»'» 


•J  ♦•  -. 


:>fjeri»  finished 
*■  ■ '  fimiha-amAaefMk 


Fxo.  36. — Kahn  system. 


What  might  be  called  the  Kahn  system  is  illustrated  in  Fig.  35.  The  collapsible  column 
hooping  is  shown  more  in  detail  in  Fig.  36.  The  hooping  is  shipped  in  the  form  of  flat,  circular 
coils  of  exact  diameter  and  accurately  spaced  by  means  of  special  spacing  bars.  These  coils 
spring  automatically  into  a  complete  hooped  column  on  cutting  the  small  fastening  wires.  Rib 
bars  (see  Art.  126d)  are  ordinarily  used  as  vertical  reinforcement  in  conjunction  with  the 
hooping. 

The  collapsible  column  hooping  is  shipped  complete  with  two  spacing  bars.  Sizes  of  wire 
for  hooping:  }^,  ^fe,  J^,  Jf  e,  and  }^-in.  diameter.  Diameter  of  coils:  9  to  30  in.  Pitch: 
1>^  to  12  in.  Hooping,  where  desired,  can  also  be  obtained  in  bundles,  coiled  to  the  correct 
diameter,  and  with  separate  spacing  bars^  ready  for  assembling  in  the  field. 
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131b.  r.innmlngn  Sfstttm. — The  Cumminga  eystem  is  shown  in  Fig.  37.  U- 
eh&ped  stimipB  are  used  on  the  girder  frame  shown.  They  are  shipped  flat  with  the  longitudt- 
nal  reinforcement,  but  are  bent  up  to  an  inclined  position  on  the  work.  The  rods  are  held  to- 
KCther  by  means  of  a  patented  chair.     In  the  Cummings  hooped  column,  each  hoop  is  securely 


attached  to  the  upright  rods.  The  hoops  are  made  of  flat  steel,  bent  to  a  circle,  with  the  ends 
riveted  or  welded  t<^ether  in  such  a  manner  that  the  ende  of  the  hoops  protrude  at  right  angles 
to  keep  them  the  proper  distance  from  the  mold.  Reinforcement  of  the  Cummings  system  is 
manufactured  and  sold  by  the  Electric  Welding  Co.,  Pittsburg,  Pa. 

131c.  Unit  Sy8tem.~FigH.  38  and  39  show  the 
unit  system  of  reinforcing  controlled  by  the  American  Syetem 
of  Reinforcing,  Chicago,  111.  The  girder  fiamee  are  not  stock 
frames  but  are  built  to  meet  the  engineer's  or  architect's 
plaoB.  Unit  ^rder  frames  are  provided  with  overlapping  rods 
for  continuous  beams  to  reinforce  against  negative  moment. 

ISld,  Corr  System.— Corr-bar girder  frames  (Fig. 
40)  andshop  fabricated  spirals  (Fig.  41)  are  furnished  by  the 
Corrugated  Bar  Co.,  Buffalo,  N.  Y.     As  with  tbe  unit  system. 


Fia.  38. — "Unit"  fr«ine«. 


the  girder  frames  are  built  to  meet  the  engineer's  or  architect's  plans.  In  the  spiral  reinforce- 
ment the  spacing  bars  consist  of  two  or — in  large  columns — four  spacers  made  of  T-section  bam 
notched  to  receive  the  spiral.  The  spirals  are  made  of  cold-drawn  wire  and  are  furnished  in 
any  length,  in  diameters  of  10  to  36  in.,  pilch  1  to  4  in.,  and  of  the  following  sizes  of  wire: 


HANDBOOK  OF  BUILDING  CONSTHVCTION 


Ox. 

EKa.  o[ 

wire 
Oooh) 

wire  (lb. 

Practkd 

G»p> 

DU.  of 

wire 

(iBDh) 

Wt.  et 
win  (lb. 
p«  loot) 

Prgptieal 
(inoh) 

7/0 

0.49OO 

0.640* 

«,™. 

0 

o.soes 

0.2506 

«.  round 

5/0 

O.MOS 

o.ma 

H,  round 

S 

0.2437 

0  0408 

Jiroond 

3/0 

0.362B 

0.3«,5_ 

ground 

"1^ — i4ir" 


FiQ.  40,— Corr-I 


13te.  Henneblqne  System. — One  of  the  pioneers  in  concrete  construction  in 
Europe  is  Mr.  Henoebique,  in  France,  and  the  system  which  still  bears  bia  name  is  shown  in 
Fig.  42. 


Flo.  41.— Corruuted  Bar  Fia.  42.— Hennebique  aTiUm. 

Co.'.  BpiiaC. 

131/.  Pin-connected    System. — Reinforcement   in   the   pin-connected   syat«m 
consists  of  bars  made  into  a  truss  and  ready  for  placing  in  the  forms  (see  Fig,  43). 


Fio.  43.— Pin-ci 


«ted  ■ystem. 


laitf.  Luteii  Truss. — Tlie  Luten  truae  ia  shown  in  Fig.  44,  The  bars  itre  rigidly 
locked  together  to  form  the  truae  by  a  clamp,  with  a  wcdt;e  that  is  self-locking  when  driven  home. 
The  truss  is  especially  adopted  to  highway  culverts  and  bridges  and  is  put  out  by  the  National 
Concrete  Co. 
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IZlh.  Zpantnus  STstem. — The  tniaa  by  this  name  is  ahowD  in  Fig.  45,  and  is 
applicable  chiefly  to  beams,  girdeta,  and  heavy  slabs.  This  syatem  is  patented  by  The  Con- 
solidated Expanded  Metal  Co. 


.  ISli.  Shop  Fabricated  Reinforcement  Systelh. — In  this  system  (Fig.  46)  manu- 
factured by  the  Lackawanna  Steel  Co.,  Lakawanna,  N.  Y.,  the  standard  bar  is  a  troughed  section 
and  the  auxiliary  reinforcing  members  such  as  diagonal  tension  membeiB,  tie  rods  for  columns. 


OroMMctten  or  bar 


walls,  etc.,  are  flat  bars  iH^yHe  'Q')  with  knobs  on  each  edge.  FabricationisefFected  by  plac- 
ing a  portion  of  the  auxiliary  flat,  properly  bent,  within  the  trough  and  with  abulldoierorother 
preesure  machine  squeesiog  the  winga  of  the  main  bar  and  also  gripping  the  knobs  of  the  flat. 


,^^r" 


The  upper  or  troughed  part  of  the  main  bar  is  a  constant.  Increased  area  is  developed  by  mak- 
ing the  section  deeper  as  required.  Tests  have  shown  that  the  rivet  grip,  as  it  is  caUed,  is 
greater  than  the  strength  of  the  auxiliary  member. 
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CEMEITT  MORTAR  AND  PLAIN  CONCRETE 
By  Nathan  C.  Johnson 

Concrete  as  used  in  construction  is  a  composite  formed  by  uniting  fragments  of  various 
substances,  preferably  mineral  in  character  and  of  natural  origin,  by  a  substance  formed  from 
the  chemical  or  physical  and  chemical  union  of  cement  (of  one  kind  or  another)  with  water. 

This  definition,  which  is  correct  from  the  standpoint  of  commercial  practice  and  its  prod- 
uct, is  open  to  various  interpretations.  It  is,  however,  no  broader  than  the  range  of  products 
from  excellent  to  poor,  which  tolerance  by  engineers  and  common  acceptance  has  unfortunately 
forced  upon  the  industry.  Through  this  laxity,  any  composite  of  a  cementing  substance  with 
aggregates,  clean  or  dirty,  graded  in  size  or  ungraded,  and  whether  good  or  poor,  well-mixed  or 
poorly  mixed,  uniform  or  segregated,  drowned  or  dry,  well  compacted  or  honeycombed  with 
voids  is  and  must  be  classed  as  '' concrete"  until  better  knowledge  and  better  procedures  give 
rise  to  proper  standards  for  acceptance.  In  order  that  these  may  be  brought  nearer  to  hand, 
the  following  outline  of  basic  principles  is  prepared. 

182.  Qualities  Desired  in  Concrete. — Bearing  in  mind  that  concrete  is  made  through 
re-union  by  cement  of  fragments  of  natural  stone,  the  qualities  desired  in  concretes  are: 

(1)  High  density  and  uniformity, — ^which  means  high  efficiency  in  the  absolute  quantity, 
arrangement,  and  compacting  of  the  stone  fragments  or  aggregates  in  a  given  volume. 

(2)  High  impermeability — ^which  means  high  resistance  to  destructive  agencies,  such  as 
water,  and  therefore  high  permanence  and  low  maintenance. 

(3)  High  strength  at  maturity — ^which  means  high  modulus  of  elasticity;  with  ability 
to  resist  and  withstand  high  stress  and  even  severe  shock. 

It  is  to  be  noted  that  high  impermeabih'ty,  permanence,  and  high  strength  are  usually  co- 
existent with  high  density. 

If  therefore,  these  desired  qualities  in  terms  of  definite  standards  (which  have  not  yet 
been  agreed  upon)  were  inserted  in  the  definition  first  made,  it  would  read: 

Concrete  m  used  in  oonstruction  is  a  composite  postetsing  high  density  and  uniformity;  impermeability,  and 
permanence:  high  ttrength  <U  maturity  and  high  modulus  of  elasticity^  formed  by  uniting  fragmenta  of  various  sub- 
stances, preferably  mineral  in  character  and  of  natural  origin,  by  a  subetanoe  formed  from  the  chemical  or  pKysico- 
ohemioal  union  of  cement  with  water. 

This  definition  would,  it  is  ventured,  exclude  much  undesirable  material  that  now  is 
accepted,  and  at  the  same  time,  it  leads  directly  to  a  better  conception  of  the  principles 
underl3dng  the  formation  of  concrete  from  its  components  and  the  processes  necessary  to  its 
proper  manufacture. 

183.  The  Formative  Processes  in  Concrete. — Diagrajnmatically,  the  formation  of  con- 
crete (and  mortar)  is  as  follows: 


CEMENT  I— 


Temperat\ire 

Time 

Physical  Treatment 

Quantities 


WATER  I 


"GLUE" 

1  SAND 

1  SAND  AND  STONE  | 

Impurities 
Phsnsical  Treatment 


Impurities 
Physical  Treatment 


MORTAR 


CONCRETE 


z  i 

of    < 
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A  consideration  of  this  leads  at  once  to  the  premise  that  the  chemical  union  of  cement 
(usually  Portland  cement)  with  water,  both  in  quality  and  quantity,  is  the  basis  od  whicb 
attainment  of  desired  success  depends;  and  further,  that  this  formatioD  of  cementing  sub- 
stance is  critically  dependent  upon  the  variables,  temperalitre,  limt,  ■phyncal  treatment,  and 
iJie  rdofuie  qutrntiiiei  of  the  two  primary  tahilatieee.  These  variables  and  their  fluct'ualionfl 
go  far  towards  explaining  the  wide  variation  of  re-  _ 
suits  common  to  "standard  "  practices  in  concrete 
making. 

For  «m  of  uitd«rat«ndiiia.  oonaidsr  thia  union  batwaan 

Mptrt.  ooDCieU  Duldng  aa  M  piMent  pnctioed  ia  undcDiBbly 

eoopknbla  to  imttuie  the  minaral  lurfkcea  to  be  UDitwl  and 

•prmklinfl  them  hare  and  there  with  powdered  "fllue,"  laying    . 

one  on  another  aithout  definite  forceful  preaaure  and  permitting 

diSuaioD  todiatribute  the  alovly  diaaolvini  "  (lue  "  entirely  over    % 

the  euiface*  to  be  united,  until  lack  of  water,  through  leabace  oi 

ermporatidD,  atopa  the  proeeaa,     Needleaa  to  aa 

ceodiBE  irould  be  laufhabte  even  to  a  novioe 

woodworking,  i> 

In  further  analogy,  if  the  aurtaee*  thoa  aprinUed  with  ,      ^      -      .    .    -^.. 

powdered  (lua  were  at  onoe  immened  b  waiai.  or  lurrounded  Pjq    47^ 

by  a  eooaidenble  eioeaa  of  water,  no  union  of  aurlacea  would 

be  eipeoted.  for  dilution  of  the  "glue"  would  claiaify  it  aa  "mueUafe,"  unfitted  to  wilhatand  atrtw.  And  in 
fultfaer  parmlifll,  if  a  ationg  Bolution  of  "glue"  were  deaired,  heat  would  aerre  aaan  accelerator  to  that  and.  And 
laatly,  after  the  flue  baa  aet,  any  union  produced  between  aurfaoea  might  be  loat  by  too  Qddc  an  eipoaure  to 
drying,  which  would  deprive  the  "jjtie'*  of  ita  proper  amount  of  water. 

IM.  Excess  and  Sufficient  Water. — As  no  processes  are  at  present  in  acceptance  for  the 
commercial  production  of  a  stronger  solution  of  cementing  material  for  concrete,  it  becomes 
necessary,  and  of  first  importance  in  commercial  work,  to  keep  the  ratio  of  powdered  cement 
to  water  as  high  as  possible  by  using  only  enough  water  to  give  the  mass  of  cement,  water, 
and  a^regates  sufficient  plasticity  to  be  readily 
|i^  '"  workable,  so  that  it  will  closely  fill  all  spaces  and 

Tj  contact  closely  with  forms. 

c|  ^  Care  in  this  particular  will  tend  to  keep,  at 

q£  ^  what  might  be  termed  "useful  glueing  strength," 

0^  T^  the  fluid  cementing  product,  which  fluid  alone  can 

'S%  K  contact  to  any  extent  with  ^gregates,  solid  parti- 

s' jc  cles    necessarily    contacting    only    at    points    of 

Iji  ^  tangency.     And  aa  affecting  Che  amount  of  water, 

*  •  M  it  should  be  borne  in  mind  that  fine  esnds  require 

:feiS'((  more  water  for  a  given  plasticity  than  do  coarse 

•«  to  sands,  thereby  reducing  the  concentration  of  glue 

«^   '  and  giving  riec  to  the  ajiiom  that  "coarse  sands 

make    strong    concrete    and    fine    sands,    weak 

coin?12iri?ruJ?n^  rf"'^2''4'^^er''e«°*  "Kb    concrete.  " 

of  atrength  in  concrete.  A  certain  dilution  by  the  aggr^ 
galea  themaelTta,  in  a  manner  not  yet  fully  determined,  muat  alao  be  ncogniied.  But  ao  f ar  aa  the  ratio 
of  water  to  powdered  oement  and  the  "uaeful  glueing  atrength"  of  aolutioDB  produced  by  common  methoda  ia 
roneemed.  the  inveatigatioDa  of  Prof.  Abrama  at  Lewia  Inatitute  have  evcdved  a  curve  expreaaive  of  the  relation 

an  endearor  ahould  be  made  in  all  caaea  to  use  the  minimum  of  water  that  will  enable  aatiafactory  placement  of 
the  matenala  uaed. 

ISS.  Time  Required  to  Produce  Strong  Cementing  SolntioDS. — Into  the  process  of  pro- 
ducing a  "glue  "  by  union  of  cement  and  water,  time  necessarily  enters  as  a  governing  factor. 
Before  the  various  particles  of  aggregates  that  make  up  a  cubic  foot  of  concrete  are  placed  in 
their  final  position  of  rest  in  forms,  the  solution  of  cement  surrounding  them  is  quite  weak, 
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even  with  the  mimmum  quantity  of  wat«r.  The  bulk  of  the  fluid  portion  ButToundiiig  each 
particle  and  lying  between  them  carriee  but  little  material  effective  for  aolidtty  and  adhesion 
until  diffusion,  which  is  slow,  can  bring  about  a  greater  concentration.  Further,  the  reaction 
products  of  Portland  cement  and  water  are  of  rather  slow  formation  at  temperatures  at  or 
below  ^deg.  F.,  althoughelevated  temperatures  increase  the  formation  of  aucb  products  untO, 
in  extreme  cases,  "flash  set"  is  induced,  while  at  a  lower  temperature,  so  little  of  these  producte 
18  produced  that  "cold-weather  concretes"  are  notoriously  weak,  requiring  support  by  forms 
for  mu  h  longer  period.'  In  Fig.  4S  may  be  seen  graphically  the  effect  of  temperature  upon 
Strength ,  and  corollary  to, this,  forms  should  be  left  in  place  for  the  following  periods  at  given 
temperatures: 

TiUK  Rbquihed  BxrOBB  Reuovino  Forms 


Abov. 

eo-F. 

SOloflOT, 

40  to  SOT. 

L«a  thaa  40°F. 

withiD 
Witiiin 

Within 

With  in 

day. 
4  da. 

4da. 

4  da. 

JSda. 
8  da. 

Not  kaa  thaD  10  da. 
Not  l(H  than  10  da. 

Not  1*H  than  14  da. 

Nat  until  IMta 
hav«  been  made 

the  eODciete  ia 

Bottom  lorm*  of  ^h«  (6  ft.  or  Im 

Bottom  [ormi  of  beama  aod  lirden 
<!«■>  than  H-ft.  .paal    

,  thereForfl,  u  determinants  of  chemical  action  neceaeary  to  the  formatioQ  of  a  "glue'* 
ound  to  be  not  abstruse,  theoretical  conjuruigB,  but  to  have  direct,  commerciat  import- 
anoeand  any  oegleot  of  these  facton  will  bring  an  inncapable  penalty. 

136.  Hizing  and  Placing  Concrete. — No  operation  is  of  greater  importance  or  more  ex- 
acting in  its  nature  than  mixing  concrete.     For  commercial  reasons,  mixing  a  batch  of  concrete 


•etween  tentile  atrength  of  D< 


anda  of  camant). 


ofwhateversixehasa  time  allowance  that  custom  has  established  at  about  1  minute,  from  start 
of  chai^ng  of  mixer  to  finish  of  dtecharge,  ready  for  a  new  batch.  Yet,  in  the  brief  period  thus 
allowed  for  actual  mixing,  it  is  required  that  about  100  to  200  billion  sand  g[Euns,  200  to  300 
billion  cement  particles,  and  about  1  million  stonr>  particles  shall  be  wetted,  and  evenly  dis- 
tributed into  a  homogeneous  mass  for  each  cubic  yard  of  concrete. 

The  task  is  stupendous.    Difficult  even  for  the  best  of  machines,  the  poorer  machines 

'  For  fuller  diacuagloD  of  tbu  lubject,  see  N.  C.  Johnaon,  Journal  Engincen  Club  ol  PhlUdalphia.  Sept..  191B. 
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producearesultUttlebetterthu)  that  of  band  mixing;  and  hand  mixing  should  not  be  indulged 
except  in  an  emergency.  Each  sand  grain,  each  cement  particle,  each  piece  of  atone  is  put  into 
concrete  to  do itaahareof  bearing  the  total  burden  imposed  on  the  maaa;  and  if  it  is  not  to 
remain  idle,  it  muat  have  its  proper  place  and  ite  share  of  "^lue"  to  stick  it  to  its  aeighbor. 
Give  mixing  its  due  tcapect  and  placing  will  be  easier  and  reeulta  better. 

.  1S7.  Placing  Concrete  and  Its  Relation  to  Quality.— It  ia  of  no  purpose  to  establish  through 
efficient  mixing  the  ingredients  of  concrete  in  proper  position  one  toanotherunless  this  relation- 
ship ia  maintained  until  they  are  Id  fonns,  presumably  in  the  positions  they  are  to  occupy  for  all 
time  to  come.  Over-wet  concretes,  in  particular,  unmix  easily  in  transit  to  forms;  and  in  deep 
sections,  give  rise  to  considerable  formation  of  laitance,  which,  in  its  commercial  sense,  ia  the 
finer  particles  of  cement  and  aggregates  rising  to  the  top  and  solidifying  as  a  chalky,  soft,  and 


Flo.  SO. — Rflatlon  betiFHn  compreuiv*  ItrenKtli  of  Dnt  cement,  cement  mortan,  ind  concrete* 
(BbrandioIeetneDt). 

pervious  substance.  Needless  to  say,  this  separation  of  fine  materials  is  "segregation," 
no  less  than  separation  of  coarse  materials;  and  it  results  in  low  uniformity  and  low  denaity 
with  lack  of  impermeability,  strength,  and  other  desirable  qualities. 

The  means  chosen  for  placement,  therefore,  should  t>e  adapted  to  the  work  in  hand;  and 
the  consistency  of  the  concrete  to  the  means  of  transit  from  mixer  to  forms.  Usually,  properly 
proportioned  and  mixed  concrete  may  be  properly  placed,  whether  by  buggies  or  chutes  or  can 
or  other  means  of  transport.  To  bring  about  as  close  a  compacting  as  possible,  puddling  with 
poles  or  spadea,  ramming,  or  joggling  are  all  permissible  if  properly  done  and  not  to  excess. 

1S8.  Qualities  of  Concrete. — Assuming  proper  proportioning,  mixing,  and  placing  of 
concrete,  certain  qualities  may  be  expected  of  the  composite  in  an  average  of  instances. 
These  values  are,  of  course,  dependent  upon  the  qualities  and  properties  of  the  cement  and  of  the 
aggregates  severally  and  jointly  and  upon  their  quantity  presence  in  the  combination;  and  they 
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have  been  established  by  repeated  testa,  many  thousands  of  which  are  on  record  where  they 
may  be  consulted. 

189.  Average  Strength  Values  of  Neat  Cement  and  Hortarv. — Since  the  combination  of 
cement  with  water  is  fundamental  in  the  making  of  concrete,  the  value  of  these  Bubatancea 
alone  is  of  interest. 


FiQ.  61.— R«l« 


.n  between  , 


f  DRth  of  eonr 


(Mil  1:2:' 


In  Fig.  49  is  seen  a  plotting  of  values  in  tension  of  this  combination  at  different  ages;  and 
in  the  same  curve  is  seen  also  the  values  of  this  combination  when  diluted  with  standard  sand 
and  with  a  certain  commercial  sand  in  1 : 3  and  1 : 4  proportions.  The  loss  of  strength  through 
addition  of  sand  to  the  water-cement  combination  ia  very  obvious;  and  if  stone  were  added  to 
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]e  gtretiECh  of  1  :  3  lUnd 


make  concrete,  a  further  loss  would  result.  The  cause  of  this  loss  ia  as  yet  not  wholly  clear,  for 
sand  and  stone  are  each  inherently  stronger  than  cement.  But  it  probably  resulte  from  (1) 
poorcontactingof  sand  and  stone  with  cementing  solutions,  (2)  existence  of  dilute  solutions  only 
of  cementing  products  at  surfaces  to  be  united;  and  (3)  the  presence  of  impurities,  such  as  air, 
or  dust  films  on  these  surfaces. 
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liO.  Tenafle  and  CompreasiTe  Strengths. — The  foregoing  values  of  neat  cement  and  mor- 
tars are  based  on  tensile  tests.  Concrete,  however,  due  to  lose  of  strength  alluded  to  above,  has 
little  value  in  tenstion  and  finds  its  usefulness  as  a  resistant  to  compressive  stress. 

In  Fig.  50  is  a  graphic  presentation  of  compression  test  values  for  concrete  of  several  kinds 
as  well  as  for  cement-water  and  cement-water-eand  combinations.  It  is  to  be  noted  that 
although  further  dilution  by  stone  and  loss  of  strength  is  in  evidence,  this  loss  is  not  proportion- 
ate to  the  original  loss  suffered  by  cement-water  specimens  on  addition  of  sand.  The  explana- 
tion lies  both  in  the  inherent  strength  of  the  stone  particles,  each  of  which  may  comprise  aa 
many  as  10,000  or  even  20,000  sand  particles,  and  in  the  small  number  of  stones  particles  added 
relative  to  the  sand  particles  as  before  set  forth,  together  with  relatively  small  increase  of  sur- 
face area  to  be  covered  by  "glueii^"  products,  with  proportionately  less  introduction  of 
adulterants  and  impurities. 

111.  Density  and  StrengQi. — Density  has  before  been  stated  as  of  first  importance  in  con- 
crete, and  it  has  also  been  stated  that  high  density  usually  means  high  strength. 

In  Fig.  51  is  seen  proof  of  this  from  test.  Although  the  test  points  as  plotted  are  variable, 
the  average  curve  drawn  is  expressive  of  the  general  relation. 


Pio.  33. — EltMt  ol  effty  npon  ftrtDsth  ol  I  ;  3      Fia.  54. — ESact  of  organic  toim  upon  stmiftb  of  1:8 
■Jty  mwla  in  tbe  laboistory.) 

142.  ImpuiitleB  and  Strength. — Strength  of  concrete  is  diminished  by  impurities.  As  yet, 
however,  knowledge  is  vague  as  to  what  substances  constitute  impurities;  and  only  those  most 
grossly  evident  have  been  commonly  investigated.  But  the  general  effect  of  several  of  these 
have  been  more  or  less  closely  determined;  and  all  afe  found  to  have  an  effect  detrimental  to 
strength. 


Air  i.  ■  mo 

MMinmoiiimpuitty; 

•nd  rinf 

Bfy  or  the  lad 

t  of  it.     Fia.  SI  may 

,  tta«efo 

■tRDcth. 

JVinr  in  gntUtr  or  lesg  qusntity  is  present  in  nearly  ail  cammercial  sands.     Mies  is  frasile  and  flaky;  and  fur- 

of  diflcRDt  p*T«ntaiies  s  shown  in  Fig.  62. 

Clan  and  •>",  thcush  differiug  io  ebeniiCBl  oompwition,  are  Klike  in  their  effect  on  the  Btrsngth  of  eonerete, 
principally  bsoaiue  of  the  ertreme  fineness  of  their  patticlca.  and  the  vast  number  of  these  particlBs  preseni  in  t. 
•loaU  volume.  Although  for  certain  water-tight  work  and  to  secure  an  easy  noi  kiott.  tatty  miiture,  the  pre«Doa 
ti  these  materials. is  advaatageoiu  in  small  quantity,  an  eicess  of  either  will  result  in  material  loss  of  Htrenitb. 
The  sflect  of  clay  in  varyini  percentages  is  shown  In  Fig,  63. 

The  effect  of  silt  and  clay  as  rejtards  easy  working  is  similar  to  additionn  of  hydrated  lime  for  the  same  purpoae. 
Id  fact,  eithflr  loay  be  used  with  about  equal  sHtbfaction  for  this  purpose;  und.  in  cither  esse,  an  sdded  distributirs 

Loam  is  analogous  to  silt  as  reRards  fineness  snd  number  of  particles,  but  has  an  added  detiimental  sffect  on 
strencth  due  to  tbe  prssenoe  in  it  of  orffanic  mailer,  which,  possibly  by  decomposition,  strikes  directly  at  tbe  oement 
•nth  inhibition  of  its  vahutble  qualities.  The  effect  of  loam,  further  treated  in  the  chapter  on  "Concrete  Aggre- 
isles  and  Water,"  is  shown  in  Fig.  54, 

lis.  Average  Strengths  of  Concrete. — The  following  table  gives  average  strengths  for  con* 
eretee  of  different  materials  and  compositions: 
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WaTBRTOWN  ABSENAIi  ThSTS* 


Mixture  and  characterof 
coarse  aggregate 

Age,  months 
(approx.) 

compressive  strength 
(lb.  per  sq.  in.) 

Cross-section,  inches 
(approx.) 

Length,  feet 
(approx.) 

1 : 1      Mortar 

6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
8 
5 
8 

3H 

5 

6 

6 

3 

5 

8 

4 

5H 
5 

5011  + 

3652 

2488 

2062 

2692 

1564 

1471 

1038 

1082 

1525 

1720 

3900 

1769 

1710 

1506 

1750 

1990 

1100 

700 

462 
1350 

871 
1060 

12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.6X12.6 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

1 : 2      Mortar 

1:2      Mortar 

1:3      Mortar 

1 : 3      Mortar 

1 : 4      Mortar 

1 : 4      Mortar 

1:5      Mortar 

1 : 5      Mortar 

1:1:2  Pebbles) 

1:1:2  Pebbles) 

1:1:2  (Trap  rock) 

1:2:3  (Pebbles) 

1:2:4  (Pebbles) 

1:2:4  (Pebbles) 

1:2:4  (Trao  rock) 

1:2:4  (Trao  rock) 

1:2:5  (Pebbles) 

1:3:6  (Pebbles) 

1:3:6  (Pebbles) 

1:3:6  (Trao  rock) 

1:2:4  (Cinders) 

1:3:6  (Cinders) 

Untvbrsity  of  Illinois  Tests* 


Ratio 

col.  strength 
cube  strength 

Mixture 
(coarse 

aggregate, 
crushed 

limestone) 

Compressive 

strength  of 

columns. 

Ob.  per  sq.  in.) 

Age 

columns, 

months 

(approx.) 

Compressive 

strength  of 

cubes 

(lb.  per  sq.  in.) 

Age 

cubes, 

months 

(approx.) 

Cross- 
section, 

inches 
(approx.) 

Length, 
feet 

(approx.) 

•  a     •     « 

95.3 
69.9 

a     •     a     • 
a     •    •     * 

•  a     a     a 

60.5 

a     a     •     a 

•  •     a     a 
a     •     •     • 

•  •     •     • 

t    ■    ■    a 

•  •as 

78.1 

•  •     •     a 

78.3 

•  a     •     a 

80.4 
99.7 
99.7 
99.8 
85.3 
74.6 

•  •     •     a                                 * 

•  •     •     a 

>     •     •     • 

1.    .^ 

1H:3 

1H:3 

2:3% 

2:ZH 

2:3H 

2:3H 

2:ZH 

2:3H 

2:3H 

2:BH 
2:4 

2,120 
2.480 
1,710 
2,004 
1.610 
1,709 
1,189 
1,079 
2.650 
2,770 
1 . 1  A.S 

2 
2 
2 
2 
2 
2 
2 
2 

t 

2,600 
2,443 

2 
2 

•  •  •  •  \  • 
2 

•   ••••• 



2 

"2" 

6 
6 
6 
6 
6 
6 

12  in.  oyl. 

12  in.  cyl. 
12  X  12 
9X9 
12  X  12 
12  X  12 
12  X  12 
9X9 
12  X  12 
12  X  12 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyL 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyL 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyL 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

10 
10 
12 
12 
12 
12 
6 
6 
12 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1.962 

12 

16 
2 

2:4                     2.000                      s 

2:4 

2:4 

2:4 

2:4 

2:4 

2:4 

2:4 

2:4 

:2:4 

.2:4 

:2:4 

:3:6 

:3:6 

:4:8 

'4-H 

2.210 
1.590 
1.945 
1,460 
1.810 
1.925 
1,846 
1.770 
2,680 
2.160 
1.770 
955 

2         ' 

2 
2 

2.035 

2 
2 

1.865 

6 
6 
6 
6 
6 
6 
2 

2,300 
1.850 
1,775 
2,686 
2,530 
2,370 

1.110                      2 

•    ■••>■•■ 

675                      2 
575                      2 

?Y  OF  WlS( 

UNrv'ERsn 

coNsiN  Tests*                                                 | 

84.0 
88.0 
91.7 
88.1 

1:2:4 
1:2:4 
1:2:4 
1:2:4 

2.040 
2.110 
2,055 
2,080 

2 
2 
2 
2 

2,427 
2,395 
2,240 
2,340 

2 
2 
2 
2 

12  X  12 
12  X  12 
12  X  12 
12  X  12 

10 
10 
10 
10 

1  ••  Teats  of  Metals,"  1904,  1905. 

1  BulU,  10  and  20  of  the  Univ.  of  III..  Eng.  Exper.  Station. 

*  Data  from  tests  of  cubes  made  at  ages  which  do  not  correspond  even  approximately  to  the  age  of  the  column 
made  from  the  same  concrete  have  been  omitted. 
«  BuU.  300 
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144.  Effect  of  Curing  Conditions  on  Strength. — Concrete  attains  full  strength  slowly; 
and  throughout  this  period  of  strength  growth,  a  supply  of  moisture  must  be  available,  else 
drying  out  will  bring  a  cessation  of  the  chemical  action  between  water  and  cement,  with,  in 
extreme  cases,  total  loss  of  bonding  power  through  drying  of  the  '  glue."  In  the  accompanying 
table  is  shown  the  effect  of  varying  moisture  content  during  curing. 

Effibct  op  Vahiation  op  Moisture  Condition  in  Curing  Period 

Tests  of  Bureau  of  Standards  > 


Mix  elsM  of  concrete,  and  curing  conditions 

Compressive  strength  (lb  per  sq.  in.) 

1  week 

4  weeks 

13  weeks 

26  weeks 

52  weeks 

1:6  grmvel  (quaking):  In  damp  closet  entire  period 

■  •  • 

1.808 

1.968 

2,172 

2.400 

1:6  gravel  (quaking):  4  weeks  in  damp  closet,  then  re- 
moved   

•  ■  • 

1.648 

1.825 

2,063 

2,220 

1:2:4  trap  rook  (quaking):  Immersed  immediately  after 
molding 

•  •  • 

2,851 

3,570  + 

4.094  + 

3.956 

24  hr.  in  damp  doeet,  them  immersed 

•      •       M 

3,978  + 

3,978  + 

4.100 

4.247  + 

8  weeks  in  damn  closeK  then  immersed 

«       •       • 

•  •  • 

3,190 

3.457 

3.389 

1:2:4  gravd  (mushy):  Sprinkled  daily  for  1  week,  then 
stored  indoors  in  dry  room 

481 

1.104 

1.469 

4  weeks  in  damp  room,  then  placed  in  open,  exposed  to 
weather 

•  ■  • 

1,834 

2,500 

1:2:4  gravel  (quaking):  In  damp  closet  entire  period.. . 
Open  air,  exposed  to  weather  entire  period 

■   •  * 

ft 
•  •   • 

2,612 
2,085 

»  TteK  Paper  68. 

As  before  stated,  heat  vitally  affects  the  basic  reaction  between  cement  and  water  on  which 
strength  depends.  In  Fig.  48,  p.  979  is  shown  the  effect  of  this  variable  as  found  by  A.  B. 
McDaniel  (Bui.  Univ.  of  111.,  81). 

145.  Effect  on  Strength  of  Materials  Used. — In  all  concrete,  dependence  must  be  primarily 
placed  upon  the  materials  themselves,  as  well  as  upon  proper  use  and  proper  attending  condi- 
tions. It  is  therefore  both  of  interest  and  a  necessity  to  examine  these  individually  and  col- 
lectively. 

146.  Quantities  of  Materials  Required  per  Cubic  Yard  of  Concrete. — The  conditions  on 
construction  work  do  not  approach  those  of  laboratory  work,  and  there  is  always  a  considerable 
waste  of  cement,  sand,  and  stone.  It  has  been  found  in  practice,  that,  when  estimating,  it  is 
not  safe  to  allow  less  than  the  following  amounts  of  cement  for  different  proportions  of  mix : 

1:1^:3  mix 2.(X)  bbl.  per  cu.yd. 

1:2:4    mix 1.66  bhl.  per  cu.  yd. 

1:2^:5  mix 1.40  bbl.  per  cu.  yd. 

1:3:6    mix 1.20  bbl.  per  cu.  yd. 

The  amount  of  sand  and  stone  required  per  cubic  yard  of  concrete  is  theoretically 
dependent  upon  the  size  of  grain  and  upon  the  distribution  of  sizes  of  grains  in  a  given 
volume  of  the  material.  Recent  investigations  into  the  effect  of  fineness  of  sand  and  also 
into  the  effect  of  fineness  in  relation  to  theoretical  surface  area  of  particles  has  resulted  in 
coinage  of  the  expression  "Dfesigning"  of  mixtures.     It  is  often  forgotten,  however,  that  the 
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more  refined  procedures  are  difficult  of  application  in  the  field;  and  it  is  furthur  often  for- 
gotten that  the  absolute  quantity  of  sand  may  vary  from  40  to  60%  by  volume  measurement 
according  as  to  its  grading  and  the  amount  of  moisture  resident  in  it.  Furthermore,  even 
with  sands  of  like  grading  and  like  moisture  content  the  absolute  quantity  of  sand  obtained 
by  volume  measurement  is  wholly  dependent  upon  the  manner  of  filling  the  measuring 
container.  Therefore  a  wide  variation  may  be  introduced  by  those  procedures  commonly 
classed  as  '^best." 

This  means  that  in  commercial  mixtures  of  some  arbitrary  proportions,  such  as  1:  2:  4, 
the  actual  proportions  may  be  1 :  1 :  4  or  even  richer.  This  not  improbably  accounts  for  the 
higher  strengths  found  in  field  concretes  as  contrasted  with  laboratory  mixtures  made  from 
the  same  materials.  The  quanity  of  stone  obtained  by  volume  measurement  is  practically 
constant. 

147.  Weight  of  Mortar  and  Concrete. — ^The  weight  of  mortars  and  concretes  varies  with 
the  proportions  of  the  mixture,  the  consistency  used  in  mixing,  and  the  character  and  granular 
metric  composition  of  the  aggregates.  William  B.  Fuller  found  the  following  range  of  weights 
of  mortars  of  various  proportions  made  with  the  same  sand  and  cement: 


Proportions  of  mixture 

Ave.  weight  (lb.  per  cu.  ft.) . 

1:1 
145.1 

1:2 
143.3 

1:3 
140.0 

1:4 
137.7 

1:5 
138.6 

1:6 
135.5 

1:7 
137.6 

The  Bureau  of  Standards  found  the  following  relation  between  weight  of  gravel  concrete 
and  the  proportions  of  mixture  {Tech,  Paper  68) : 


Proportions  of  mixture 

1:1:2 
147 

1:1H:3 
145 

1:2:4 
144 

1:2H:5 
143 

1:3:6 
142 

1:4:8 
140 

Ave.  weight  (lb.  per  cu.  ft.) 

REINFORCED  CONCRETE 

By  Nathan  C.  Johnson 

As  pointed  out  in  the  preceding  chapter,  concrete  has  low  strength  intension,  though  high 
strength  in  compression.  To  overcome  the  weakness  of  plain  concrete  in  tension,  steel  is 
added.  This  addition  is  usually  in  the  form  of  bars,  embedded  in  the  concrete  mass  while 
plajstic  and  in  quantities  dependent  upon  the  nature  and  magnitude  of  the  stress  to  be  sus- 
tained. 

148.  Steel  as  a  Component  Material. — Fortunately  for  the  success  of  the  combination, 
steel  possesses  substantially  the  same  coefficient  of  expansion  as  does  concrete.  This 
means  that  once  relationship  is  established  between  steel  and  its  surrounding  concrete, 
variations  in  temperature  will  not  alone  bring  about  its  disturbance,  but  that  the  two  will  co-act. 
It  is  possible,  however,  that  stress  might  bring  about  a  change;  and  in  order  to  minimise 
these  possibilities,  the  bars  are  usually  of  "deformed,"  or  irregular  section,  in  order  to  aFsist 
the  natural  bond  formed  with  the  encasing  materials,  the  steel  in  all  cases  acting  as  an  aggre- 
gate of  special  forms  and  qualities,  held  in  place  and  made  of  value  by  the  same ''glue" 
that  acta  on  other  aggregates. 

149.  Concrete  As  Fire  Protection  for  Steel. — A  further  advantage  is  obtained  with  this 
combination  in  that  concrete,  which  has  a  low  heat  conductivity  combined  with  rigidity,  acts 
as  a  "  fireproof! ng''  for  the  embedded  steel,  enabling  it  to  continue  unimpaired  its  stress-resisting 
functions  under  conditions,  as  in  a  fire,  where  steel  not  thus  protected  would  speedily  become 
soft  and  useless. 

160.  Concrete  As  a  Rust  Protection  for  Steel. — Where  moisture  and  oxygen  have  access 
to  steel,  rusting  is  unavoidable.     Steel  encased  in  a  dense  concrete,  however,  rusts  little  if  any. 
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due  partly  to  the  chemical  effect  of  lime  hydrate  derived  from  the  cement,  but  more  particularly 
to  the  pieveiition  by  the  surrounding  concrete  of  water  having  access  to  the  steel.  But  where 
concrete  is  porous,  rusting  proceeds.  And  rusting  results  further  in  expansive  pressure,  so 
that  not  only  is  the  steel  destroyed  to  greater  or  less  extent  by  the  rusting,  but  the  protective 
casing  is  also  split  off  by  the  same  agency. 

161.  Concrete  of  Proper  Quality  the  Prime  Requisite. — It  is  evident  from  the  above  that 
in  the  concrete-steel  combination,  proper  quality  of  concrete  is  of  first  importance.  Reinforce- 
ment plays  its  chief  part  by  functioning  in  tension.  It  cannot  function  alone  in  compression, 
nor  is  it  able  to  withstand,  without  proper  bedment  in  concrete  of  good  quality,  the  destructive 
agencies  above  noted.  Reinforcement  should  be  given  its  proper  dues,  but  the  use  of  reinforce- 
ment confers  no  license  to  violate  the  rules  of  the  proper  mctking  of  concrete,  nor  by  it  use  is  a 
new  and  magical  substance  created.  The  first  step  in  the  successful  use  of  reinforced  concrete 
is  to  cover  the  reinforcement  with  the  best  concrete  that  can  be  produced,  which  involves  all 
the  factors  set  forth  as  influencing  concrete  when  made  without  steeL 

162.  Weight  of  Reinforced  Concrete. — Reinforcing  steel  adds  from  3  to  5  lb.  per  ou.  ft.  to 
the  weight  of  plian  concrete,  when  used  in  usual  quantities.  Reinforced  concrete  is  assumed 
in  design  to  weigh  150  lb.  per  cu.  ft.,  but  this  again  depends  upon  the  density  of  the  concrete 
Burroundijig  the  steel  and  upon  the  aggregate  employed  in  it.  Special  light-weight  aggregate 
employed  by  the  XJ.  S.  Shipping  Board  in  constructing  reinforced  concrete  ships  is  said  to  have 
a  weight  as  low  as  100  lb.  per  cu.  ft. 

163.  Unit  Stress  Values  for  Reinforced  Concrete. — See  the  Joint  Ck>mmittee'8  Report 
Appendix  J. 


CONCRETE  BUILDING  STONE 
By  Harvey  Whipple 

Concrete  stone  is  a  superior  building  unit  when  it  is  properly  made.  It  is  so  accepted  by 
discriminating  architects  for  the  better  class  of  buildings  and  other  structures,  even  in  prefer- 
ence to  and  at  a  higher  price  than  natural  stone.  This  higher  development  of  the  product  is 
not  general,  however,  throughout  the  country.  In  many  places  concrete  units  are  on  the  mar- 
ket as  scarcely  more  than  makeshift  substitutes  for  other  recogni2ed  materials,  at  a  lower  price, 
and  attain  no  architectural  preferment. 

The  difference  in  the  development  of  concrete  stone  in  various  sections  of  the  country  may 
be  attributed  in  a  general  way  to  purely  economic  causes.  In  places  at  sufficient  distance 
from  sources  of  other  building  materials — either  quarries  or  kilns — ^manufacturers  have  been 
encouraged  to  develop  their  methods  and  their  facilities  so  as  to  produce  concrete  stone  of  very 
high  structural  and  architectural  quahty.  In  other  sections,  near  to  large  natural  stone  and 
burned  clay  producing  centers,  concrete  stone  has  been  made  chiefly  with  the  thought  to  undersell 
the  established  products  and  here  the  quality,  generally  speaking,  is  not  so  high,  either  from  the 
structural  or  the  architectural  viewpoint. 

Another  very  important  factor  in  the  general  advancement  of  the  concrete  stone  manu- 
facturing industry  Hes  in  the  fact  that  the  cheaper,  more  common,  and  thoroughly  ugly  con- 
crete building  block  have  been  recognized  very  easily  by  the  public  as  concrete — or  as  ordinarily 
termed;  "cement  block."  On  the  other  hand,  the  better  quality  concrete  stone  building  units 
are  not  recognized  by  the  general  public,  nor  for  that  matter  by  many  architects,  as  concrete. 
The  good  cone  ete  units,  except  on  close  inspection,  appear  to  the  casual  eye  to  be  natural  stone 
while  all  the  bad  units  come  plainly  enough  within  the  category  of  ''cement  block. '' 

164^  Grades  of  Concrete  Building  Stone. — Superior  grades  of  concrete  stone  building 
units  are  made  to  measure  from  architects'  details,  and  are  surface  dressed  to  reveal  texture 
and  color.  They  rival  natural  stone  in  every  way,  and  in  many  instances  are  far  less  likely  to 
suffer  discoloration  and  disintegration  from  exposure  to  the  atmosphere  and  to  frost.  There 
is  a  great  difference  between  such  concrete  stone  building  units  and  the  ordinary  concrete  build- 
ing block,  made  in  machines  or  multiple  molds  in  standard  unit  sizes.     Again  there  is  a  very 
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great  difference  among  products  of  standard  machines  or  multiple  molds,  depending  upon  the 
extent  to  which  the  manufacturer  has  been  ruled  by  a  desire  to  make  a  cheap  product-^some- 
thing  to  urge  upon  the  public  for  basement  walls  only,  or  for  the  upper  walls  of  cheap  houses 
that  might  otherwise  be  built  of  wood — or  by  a  desire  to  make  a  truly  architectural  product  to 
compete  upon  an  equal  basis  with  good  face  brick,  with  t^ra  cotta,  or  with  natured  stone,  as 
the  case  may  be. 

Each  of  these  various  grades  of  concrete  stone  is  to  be  had,  some  of  them  all  together  in  one 
locality,  others  dominating  a  locality  to  the  exclusion  of  other  grades  of  products.  Each  one 
of  them  has  its  uses. 

155.  Uses  of  the  Cheaper  Grades  of  Concrete  Stone. — The  cheai>est  grade  of  all  i^  a  very 
poor  concrete  block  with  a  compressive  strength  less  than  1200  lb.  persq.  in.,  or  an  absorption 
greater  than  15  %  of  its  weight  of  water  in  a  24-hr.  immersion  test.  Products  even  of  this  low 
quality  may  very  well  be  considered  for  use  upon  an  equal  basis  with  the  ordinary  run  of  com- 
mon brick  in  the  construction  of  the  walls  of  ordinary  residences  or  in  most  other  structures 
where  the  cheaper  masonry  work  is  required.  Such  use  of  concrete  building  block  would 
scarcely  have  come  into  question  but  for  the  mistake  of  early  manufactures  in  urging  the  use 
of  such  block  in  walls  with  ihe  interior  plastering  applied  direct  to  the  block  instead  of  on  lath 
over  furring  strips. 

Th«  so-called  rook-face  block  has  done  much  to  injure  the  standing  of  the  material  cenenUlsr — another  outcome 
of  the  deeire  to  imitate.  Plain  rough  block,  made  with  aggregate  aa  coarse  as  the  limitations  of  manufacturing 
cqierations  will  permit,  make  a  handsome  wall.  Another  inoieaiinc  use  of  plain  rough  faced  block  it  as  a  base  for 
stucco  finish  of  various  color  and  texture  e£fects. 

166.  Methods  of  Manufacture. 

156a.  Dry-tamp  Method. —  'Dry-tamped"  products  have  been  by  far  the  most 

common.  The  molding  equipment 
used  has  been  the  most  abused.  It 
is  still  used  by  numerous  manu- 
facturers who  fail  to  insist  upon  the 
first  essentials  of  good  concrete  and 
yet  other  manufacturers  are  noiaking 
excellent  units  with  similar  ma- 
chines. The  mixture  of  concrete 
ranges  in  consistency  from  slightly 
more  than  damp  to  that  degree  of 
wetness  which  will  just  stand  up 
when  the  mold  is  removed  immedi- 
ately after  each  operation.  The  concrete  is  tamped  into  place,  either  by  hand  tamps,  or  by 
pneumatically  or  electrically  actuated  tamps,  or  by  power  driven  tampers  operated  from  a 
framework  built  above  the  molding  machine,  and  with  tamping  heads  to  fit  the  mold 
box  in  use.  Good  products  are  made  by  any  of  the  three  methods  of  tamping,  but 
the  most  dependable,  because  its  results  are  not  discounted  by  fatigue  in  the  operator,  is  with 
the  power  driven  equipment. 

••5tonpp«r"  Block. — If  block  or  tile  are  to  be  produced  solely  for  structural  purposes,  probably  the  simplest 
molding  operations  are  attained  in  that  type  of  machine  which  produces  the  block  upright  in  the  mold  and  in  the 
machine  introducing  and  removing  the  cores  forming  the  hollow  space  in  an  upward  and  downward  motion. 
Thus  the  faces  of  the  block  are  always  perpendicular  to  the  bed  of  the  machine,  and  the  block  is  "stripped*'  out 
of  the  mold  with  a  trowelling  action  on  its  sides.  Such  equipment  permits  the  use  of  concrete  of  more  nearly  ideal 
consistency  than  tamp  equipment  of  other  types. 

Faced  Block. — When  block  are  to  be  produced  faced  with  a  special  facing  mixture,  used  only  in  a  thin  layer 
next  to  the  exposed  face  or  faces,  the  machine  chosen  wiQ  be  of  the  face-up  or  face-down  type.  It  will  readily 
be  seen  that  where  a  layer  of  special  material  is  to  be  backed  up  with  a  different  body  mixture  of  oonorste,  tbe  mold- 
ing operation  will  be  much  more  simple  if  the  facing  is  placed  in  a  layer  on  the  bottom  or  else  on  the  top;  in  either 
case  on  a  horizontal  surface,  ^^ere  more  than  one  side  of  a  block  is  to  be  faced  it  is,  of  course,  a  comparatively 
simple  matter,  but  less  rapid,  to  put  the  facing  at  the  side. 

Operation  of  Caret. — The  manufacture  of  hollow  units,  in  which  from  25  to  60  %  of  the  horisontal  assa  of  a  block 
is  air  space,  Involves  a  variety  of  machine  features  is  the  creation  of  air  spaces  (see  Fig.  66). 


FiQ.  66.-— Horisontal  ctoss-sectiona  of  representative  types  of 

concrete  block. 
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In  moat  in»ohines  the  cores  are  introduced  into  the  mold  box  by  a  movement  of  a  lever  after  a  part  of  the  mixed 
concrete  has  been  depoaited  and  compacted.  The  remaining  space  between,  around  and  above  the  cores  is  filled 
and  compacted  and  the  excess  material  struck  off.  either  by  a  movement  of  a  hand  straight-edge  or  by  a  device 
forming  a  part  oi.  the  machine. 

Some  machines  provide  for  the  withdrawal  of  these  cores  horizontally,  and  some  equipment  is  so  designed  that 
after  the  box  is  filled  the  mold  box  is  turned  over;  tbe  coze  is  then  removed  by  a  downward  motion.  The  chief 
value  of  equipment  which  provides  that  the  cores  shall  be  withdrawn  downward  is  in  the  fact  that  the  walls  and 
the  orofls-webs  of  the  block  stand  vertically  on  the  pallet  before  the  support  of  the  cores  is  removed.  Tliis  reduces 
the  tendency  of  the  walls  of  the  block  to  sag  into  the  hollow  space  or  spaces.  Such  equipment  usually  permits 
the  use  of  a  slightly  wetter  mixture  of  concrete  than  can  be  used  in  a  machine  with  similar  core  areas  where  the  core 
is  withdrawn  horisontally,  inasmuch  as,  with  given  materials,  the  tendency  to  sag  increases  (beyond  a  certain  degree 
of  minimum  wetness)  witb  the  proportion  of  water  in  the  n^xture. 

The  cores,  as  the  block  is  molded,  are  in  a  horisontal  position  and  the  block  in  its  vertical  dimension  is  thus 
also  in  a  horisontal  position. 

1566.  Presstire  Method. — ^The  application  of  pressure  in  compacting  concrete 
is  accomplished  in  both  hand  and  power  driven  equipment.  Pressure  machines  are  made  for 
the  exertion  of  mechanical  pressure  by  hand  or  power,  and  other  machines  are  hydraidic  in  their 
application  of  pressure. 

In  their  operation  it  is  generally  possible  to  use  a  slightly  wetter  mixture  than  can  be  suc- 
cessfully manipulated  under  most  machines  which  rely  upon  tamping  in  securing  density,  yet 
in  this,  as  in  tamp  machines,  much  depends  upon  how  the  product  is  released  from  the  mold. 
Too  wet  a  mixture  in  a  dry-tamp  machine  will  be  displaced  by  tampers,  rather  than  compacted. 
In  pressure  machines  the  compacting  force  is  exerted  evenly  over  the  entire  area  of  the  mold  box, 
and  displacement  is  impossible. 

166c.  Wet-cast  Method. — "  Wet-cast''  products  are  made  by  two  distinctly  diff- 
erent methods  and  with  entirely  different  results. 

To  meet  the  criticism  of  concrete  block  made  by  the  "dry-tamp"  method  that  they  were 
made  so  dry  that  they  were  thirsty  in  every  rain  that  followed  (which  was  undoubtedly  true  of 
many  products),  multiple  steel  molds  came  into  use.  These  gang  molds  are  ordinarily  made  of 
sheet  and  pressed  steel.  The  molds  are  usually  mounted  upon  trucks  so  they  may  be  moved  to 
the  mixer,  filled,  and  rolled  away  to  harden  until  the  following  day  when  the  mold  sections  are 
taken  down,  oiled,  and  reassembled.  Such  multiple  molds  have  cores  formed  also  of  pressed 
steel  and  these  lie  in  the  molds. in  a  horizontal  position.  To  fill  the  molds  rapidly  around  these 
cores  the  block  manufacturer  frequently  goes  as  far  to  the  extreme  of  wetness  as  the  dry-tamp 
manufacturer  goes  in  the  other  direction. 

The  other  wet  mix  method  of  manufacture  involves  the  use  of  sand  molds,  not  unlike  those  used  in  iron  foun- 
dries. The  sand  mold  method  involves  the  making  of  special  patterns,  under  and  around  which  the  sand  is  tamped 
on  the  easting  floor.  Then  the  patterns  are  removed  in  one  piece,  if  it  is  so-called  "straight"  work,  or  in  several 
pieces  as  previously  provided  to  meet  the  requirements  of  the  special  unit.  The  sand  mold  remaining  is  filled  with 
a  wet  but  smoothly  mixed  concrete  and  most  of  the  excess  water  is  taken  up  by  the  mold  itself,  with  a  result  much 
di£Ferent  from  that  obtained  when  an  equally  wet  mix  is  cast  in  a  tight  mold  of  wood,  steel,  or  plaster. 

167.  Consistency. — While  the  study  of  concrete  has  led  the  industry  through  dry  mixes 
which  must  be  tamped  and  wet  mixes  which  must  be  puddled,  it  is  now  well  established  that 
Portland  cement  requires  a  definite  quantity  of  water  to  effect  its  hydration  ^  and  that  the  use 
of  water  in  that  quantity,  other  factors  remaining  equal,  gives  a  product  of  maximum  strength 
and  density.  It  has  been  shown  by  plotting  the  results  of  using  various  percentages  of  water 
that  the  quality  of  the  concrete  falls  off  very  rapidly  on  both  sides  of  the  peak  of  the  curve. 

The  best  tamped  product  will  show  web-like  water  markings  when  released  from  the 
mold  in  which  it  has  been  compacted.  The  ideal  consistency  would  cause  the  concrete  to  sag 
slightly  when  released  from  the  mold.  The  use  of  such  a  mix  is  impracticable  with  equipment 
which  requires  the  immediate  release  of  the  product  from  the  mold.  The  nearest  approach  to 
the  ideal  mix  is  probably  attained  in  the  use  of  the  ''stripper''  machines,  and  in  the  use  of  ma- 
chines where  the  concrete  is  shaped  under  pressure  with  no  horizontal  webs  to  break  down  over 
the  arches.  A  very  few  manufacturers  cast  trim  stone  in  special  wood  molds  using  a  mixture  of 
practically  ideal  consistency  and  with  no  attempt  to  remove  the  mold  from  the  product  until 
several  hours  after  placing.     The  ordinary  dry-tamp  and  ordinary  wet-cast  concrete  generally 
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used  in  block  and  stone  manufacture,  are  both  wrong—they  depart  from  the  ideal  in  opp»osit€ 
directions,  but  for  a  choice  between  them  it  is  probably  "  six  of  one  and  half  a  dozen  of  the  other." 
The  tamped  product  will  be  improved  when  the  manufacturer  sees  to  it  that  a  maximum 
amount  of  water  is  used ,  the  wet  cast  product  will  be  improved  by  an  insistence  upon  a  minimum 
of  water. 

Careful  workmanship  will  admit  of  using  more  water  in  tamped  concrete,  even  with  equipment  least  adapted 
by  mechanical  limitations  to  the  work.  The  deficiency  of  water  will  be  less  disastrous  when  the  finished  product 
is  hurried  to  curing  rooms — to  atmospheric  conditions  which  prevent  the  concrete,  already  deficient  in  water, 
from  losing  by  evaporation  any  of  the  moisture  it  contains,  so  that  all  that  moisture  may  be  utilised  in  hydrating 
the  cement. 

The  tamped  product  will  be  improved  by  the  perfection  of  equipment  so  that  a  wetter  mix  may  be  employed. 
This  may  be  along  the  line  of  so-called  "stripper"  machines,  the  tmits  standing  with  webs  and  cores  vertical. 
Such  equipment  now  available  produces  only  plain  units — none  with  a  special  facing  mixture.  Tamped  products 
will  undoubtedly  be  improved  by  tamping  the  concrete  in  thinner  layers  than  does  most  available  equipment,  and 
by  a  combination  of  tamping  and  pressing  over  the  whole  surface  so  that  the  tamper  bars  will  not  chum  and  dis- 
place more  than  they  compress. 

The  wet  cast  product  can  be  improved  by  less  water  and  by  more  thorough  mixing.  Longer  and  more  thorough 
mixing  produces  a  mixture  more  easily  placed  than  one  with  an  excess  of  water  and  inadequate  mixing.  The  rule 
should  be:  9ubtraet  water  and  add  mixing.  Within  certain  limits  the  same  plasticity,  the  same  flowing  quality, 
can  be  obtained  with  less  water.  An  excess  of  water  and  inadequate  mixing  frequently  give  a  concrete  in  which 
the  ingredients  separate — water  and  cement  separating  from  the  sand  and  stone. 

The  smoothest  flowing  concrete  in  the  products  field  is  necessary  in  the  manufacture  of  concrete  stone  cast  in 
sand  molds.  The  writer  has  observed  in  the  last  few  years  a  marked  tendency  among  manufaeturerv  of  such  stone 
to  use  a  concrete  with  far  less  excess  water. 

It  is  common  to  let  the  drum  of  the  mixer  turn  for  a  minimum  of  5  min;  and  then  to  transfer  the  batch  to  a 
mechanical  agitator  (which  is  really  another  mixer)  suspended  from  a  crane,  which  moves  about  the  casting  room 
where  the  sand  molds  are  filled.  The  batch  or  a  portion  of  it  is  frequently  mixed  continuously  for  15  to  20  min. 
before  being  deposited.  The  concrete  so  mixed  is  almost  fluid,  but  extremely  homogeneous,  excess  water  being 
at  a  minimum  and  almost  tmobservable.  When  poured,  H-^-  stone  does  not  settle,  but  remains  in  suspension 
and  but  little  water  comes  to  the  top.  When  poured  into  molds  it  flattens  out  on  top  slowly  and  smoothly  and  not 
in  a  soupy  rush.  In  spite  of  progress  in  the  use  of  less  water  in  necessarily  wet  concrete,  it  should  be  realised  that 
this  is  not   the  ideal  mix. 

Good  building  units,  suitable  for  creditable  construction  and  showing  qualities  under  tests  for  both  strength 
and  absorption  which  are  satisfactory  under  rigorous  building  regulations,  can  be  made  and  are  made  with  each 
one  of  the  three  types  of  equipment, — ^tamping,  pressure,  and  wet-cast. 

168.  Standard  Concrete  Stone  Units. — Concrete  block  as  usually  made  in  standard  ma- 
chine or  multiple  mold  equipment  are  usually  from  8  to  12  in.  thick,  8  to  12  in.  high,  and  16  to 
32  in.  long.  The  8  X  8  X  16-in.  block  are  the  most  common.  Blocks  that  are  24  in.  long  are 
probably  the  most  popular  with  the  architects.  Practically  all  the  machines  in  common  use 
making  building  block,  turn  out  products  that  have  one  or  more  hollow  spaces.  The  value  of 
the  hollow  space  lies  in  the  fact  that  it  economizes  material,  giving  a  product  of  much  less  weight 
than  would  be  possible  if  made  solid,  and  in  the  fact  that  it  provides,  as  laid  up  in  the  wall,  a 
series  of  air  ducts  which  are  valuable  as  insulation  against  temperature  changes  and  as  a  barrier 
to  the  passage  of  moisture  from  one  side  of  the  wall  to  the  other.  A  chief  point  of  difference 
among  the  scores  of  block  machines  on  the  market  is  in  the  way  in  which  these  air  spaces  are 
provided,  and  in  general  it  may  be  said  that  that  block  is  best  which  comes  nearest  to  supplying 
a  continuous  air  space,  yet  with  a  reservation  in  this  respect:  that  the  strength  of  the  individual 
unit  and  the  stability  of  a  wall  are  features  of  more  consequence  than  air  space  and  not  to  be 
sacrificed  in  any  event. 

With  this  idea  of  the  value  of  air  space,  machines  are  on  the  market  which  produce  concrete 
block  in  which  each  wall  unit  is  made  up  of  two  separate  pieces  of  concrete  connected  by  metal 
ties.  This  type  has  been  criticised  from  an  engineering  standpoint,  because  it  is  said  that  the 
metal  ties  are  likely  to  rust  out  and  leave  no  bond  between  the  two  parts  of  the  wall.  As 
opposed  to  this  theory,  however,  many  buildings  have  been  in  use  for  a  sufficient  number  of 
years  to  give  this  type  of  block  construction  a  reasonably  good  standing,  and  the  success  of 
this  type  would  undoubtedly  depend  in  great  measure  upon  the  tendency  of  the  particular  block 
manufacturer  to  make  a  block  which  would  not  absorb  moisture  and  pass  it  through  to  the  air 
space  to  the  metal  ties. 
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Qaing  ttiD  further  in  the  development  of  the  idea  of  air  epaoe  in  the  waO,  machinery  ia  available  to  produce  ao- 
caUed  two-pieoe  block  to  be  laid  up  in  a  waU  in  such  a  way  as  to  produce  a  TO«tTimnt«  of  air  space  and  yet  with 
ayatematie  bond  of  concrete  between  the  two  faces  of  the  walL  A  two-lug  block  is  made  for  light  construction, 
the  face  of  the  block  being  but  2  to  3  in.  thick,  with  projecting  lugs  giving  a  total  wall  thickness  of  8  in.  Furring  is 
done  on  the  lugs.  Blocks  are  also  made  which  have  a  triple  series  of  air  spaces,  the  central  series  for  grouting  and 
reinfondng,  so  that  a  grid  is  formed  as  the  blocks  are  laid  up  (without  mortar). 

In  addition  there  are  structural  tile — ^light,  thin-walled,  hollow  units,  which  are  nutnufaotured  rapidly  on 
power  equipment  for  exterior  wall  construction,  where  a  veneer  of  stucco  or  some  other  f&cing  is  to  be  used,  and  for 
interior  partitions  to  be  plastered,  or  for  exposed  walls  when  surface  texture  or  design  is  not  of  consequence.*  It  is 
manufactured  in  a  small  unit  and  in  various  multiples  of  that  unit.  One  machine  involves  the  use  of  knives  and 
plungers  which  cut  the  partially  molded  concrete  and  force  out  the  center,  compressing  the  walls  of  the  tile.  An- 
other type  of  machinery  for  tbe  manufacture  of  structural  tfle  uses  a  very  wet  mix.  The  tile  are  made  vertically 
and  the  molds  of  the  machine  are  steam  heated,  thus  securing  an  acceleration  of  setting  in  the  cement. 

Brick  manufacture  is  a  line  which  should  show  strong  development  in  any  field  to  which  clay  brick  have  to  be 
shipped,  or  in  any  location,  providing  the  manufacturer  chooses  to  develop  his  product  as  a  facing  material  with 
architectural  appeal. 

Aggressive  promotional  work  of  manufacturers  of  roof  tile  making  equipment  and  the  initial  success  of  some 
new  roof  tile  factories  have  aroused  an  interest  in  this  product. 

Concrete  roofing  tile  are  not  a  new  factor  in  the  concrete  products  field.  Instances  of  their  successful  manu- 
facture and  satisfactory  use  have  been  noted  in  the  technical  press  from  time  to  time  for  10  yr.  or  more. 

169.  Materials. — Any  standard  Portland  cement  is  suitable.  Some  manufacturers  insist 
upon  a  particularly  well-aged  cement  and  buy  from  those  manufacturers  whom  they  believe 
send  out  a  cement  of  that  character.  This  is  because  surface  shrinkage  of  hardened  products 
with  resulting  checking  in  fine  hair  cracks  is  believed  to  be  induced  by  the  use  of  ''hot''  cement. 
Various  brands  of  cement  are  sometimes  preferred  for  the  sake  of  color,  as  some  cements  give  an 
almost  white  product  while  others  are  of  a  dark  slate  color. 

Aggregate,  besides  conforming  to  the  usual  specifications  as  to  cleanness,  hardness,  and  character  of  grading, 
is  more  strictly  limited  as  to  nmximum  sise  than  in  the  usual  field  work.  This  is  true  not  only  because  aggregate 
should  not  be  larger  than  one-half  the  smallest  section  of  the  product,  but  the  size  is  further  limited  by  the  molding 
processes,  large  aggregates  showing  a  tendency  to  fall  out  of  fresh  products  by  the  tamp  process  and  a  tendency  to 
excessive  segregation  in  the  wetter  mixes.  In  addition,  aggregate  is  chosen  for  its  surface  color  and  texture  value 
in  products  subjected  to  any  special  surface  treatment  where  the  aggregate  is  exposed  by  removal  of  the  covering 
film  of  cement. 

160.  Txim  Stone  and  Ornamental  Work  from  Special  Molds. — The  manufacture  of  trim 
stone  or  architectural  stone  and  ornamental  objects  used  in  connection  with  building  construction 
or  as  garden  appurtenances  to  residential  architecture  is  a  separate  and  distinct  field  of  work 
from  that  involved  in  making  standard  building  units  of  any  one  of  the  various  block  types. 

The  two  operations  are  frequently  carried  along  together  under  the  same  roof,  but  one 
department  of  the  enterprise  usually  dominates  the  other. 

The  architect  or  other  projective  user  of  concrete  architectural  stone,  will  find,  if  he  looks 
very  far  into  the  matter  of  its  production,  that  there  can  scarcely  be  said  to  be  a  standard  prod- 
uct. In  various  localities,  from  various  factories  the  range  of  quality  is  very  wide.  The  char- 
acter of  the  product  varies  from  concrete  trim  stone  of  the  very  highest  quality,  not  infrequently 
specified  for  work  of  a  character  which  it  was  once  thought  could  be  maintained  only  with 
marble  or  granite,  to  the  dullest  and  most  uninteresting  building  units  imaginable.  The  varia- 
tion is  not  merely  in  appearance  but  is  to  be  found  in  the  structural  quality  of  the  stone — some 
of  it  very  dense,  hard,  and  with  the  cleanest,  sharpest  arises  and  other  products  porous,  sugary, 
and  ragged  at  the  edges. 

It  is  not  tberef(M«  enough  to  accept  perhaps  the  lowest  of  a  number  of  competitive  bids.  If  the  prospective 
user  has  not  seen  plenty  of  evidence  of  the  character  of  the  work  of  the  manufacturer  whose  products  he  proposes 
using,  he  will  do  well  to  look  into  the  manufacturer's  factory,  find  out  something  of  his  methods,  of  his  equipment, 
and  the  experience  he  has  had  in  work  of  a  like  character.  Big  jobs  of  trim  stone  production  have  been  let  to 
manufacturers  who  meant  well  enough  but  who  were  utterly  lacking  in  experience  or  equipment  to  produce  dimen- 
sional casts  where  the  details  are  intricate. 

Tbe  experienced  manufacturer  of  concrete  trim  stone  turns  out  products  from  molds  of  wood,  metal,  plaster,  or 
gelatine  as  the  qwcial  problem  indicates  and  this  is  true  even  in  large  factoiies  where  the  bulk  of  the  production  is 
from  sand  m<Jda. 

161.  Surfaces. — The  architectural  surface  qualities  of  concrete  stone  have  been  highly 
developed  but  they  have  not  been  generally  developed.     The  dead,  pasty  gray  of  the  ordinary 
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concrete  block  baa  b«eo  a  great  drawbfick  to  the  adoption  of  the  whole  field  of  concrete  building 

It  has  been  assumed  and  perhaps  rightly  so,  thatthecommon  type  of  concrete  building  unit 
was  thoroughly  representative  of  the  possibilities  with  the  material.  Yet  there  are  manufac- 
tures producing  standard  concrete  block  units  with  good  surface  values  in  both  color  and  texture. 
They  are,  however,  in  the  minority. 

When  architects  appreciate  fully  what  is  possible  in  the  surface  treatment  of  concrete — 
as  an  increasing  number  of  architects  are  coming  to  appreciate  through  the  highly  developed 
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quality  of  products  in  some  localities — they  will  be  more  keenly  aware  that  it  iionly  for  them 
to  specify. 

With  a  world  of  special  aggregates  obtainable  from  which  the  architect  may  draw  for 
any  kind  of  color  scheme  and  with  numerous  methods  available  for  practical  use  for  exposing 
these  aggregates  in  the  face  of  concrete  products,  concrete  stone  has  a  promising  future,  due  to 
one  feature  alone — the  feature  of  absolute  control  in  manufacture. 

The  surfaces  of  wet  cast  stone  aa  it  comes  from  the  molds  is  more  pasty  and  leas  attractive 
ordinarily  than  the  surface  of  products  made  with  a  much  drier  mix  and  tamped  in  tlie  molds. 


Fio.  68. — A  cut  floncrete  atane  luriftce.  Fia.  SO.— Tooled  >ur[ac«  ol  conrrctf  b 

This  does  not  apply  where  special  methods  are  followed  to  secure  a  facing  of  special  a__ 
that  is  placed  dry  and  held  by  the  wetter  mix  put  in  behind.  This  ia  accomplished  in  the  a 
facture  of  wet-cast  block  in  multiple  molds  when  the  face  plates  are  coated  with  glue  and  cov- 
ered with  a  crushed  special  aggregate  and  allowed  to  dry  before  the  mold  is  filled  with  the  wet 
backing,  which  in  turn  loosens  the  glue  and  grips  the  drj-  uncoated  facing. 

Concrete  stone  made  in  sand  molds  must  at  least  be  well  cleaned  up  after  hardening,  as 
parts  of  the  sand  mold  are  found  here  and  there  cemented  to  the  stone.  The  very  least  in  the 
way  of  surface  treatment  given  such  products  is  a  thorough  rasping  and  usually  a  rubbing  with 
an  abrasive  material. 
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All  exposed  surfaces  of  most  high-grade  sand  cast  stone  are  cut,  revealing  the  aggregate. 
Stone  cutters  are  employed  for  the  finishing  work,  using  hand  or  pneumatic  tools,  bush  hammers, 
picks,  etc  Stone  with  plain  flat  surfaces  are  handled  by  machinery  and  planed  down  or  cut  in 
fine  parallel  grooves  by  revolving  discs  of  carborundum. 

Where  the  aggregate  has  been  graded  so  as  to  cover  a  large  percentage  of  the  surface,  concrete  stone  is  success* 
fully  polished  and  given  a  fine  glees  by  the  same  methods  of  grinding,  sanding,  and  rubbing  as  are  used  in  the 
natural  stone  industry  in  finishing  marble  and  granite.  It  must,  of  course,  be  considered  that  it  is  the  stone  in  the 
surface  that  takes  the  i>olish  and  not  the  cement,  so  that  the  success  of  the  result  depends  a  great  deal  upon  the  care 
that  has  been  exercised  in  getting  a  mix  that  will  give  a  high  percentage  of  stone  surface. 

Meet  of  the  high  quality  stone  manufactured  by  the  sand  molding  method  is  of  the  same  nuzture  throughout, 
but  by  far  the  greater  portion  of  concrete  trim  stone  b  made  by  the  tamp  method  and  is  faced  with  one  mixture 
and  backed  up  with  another.  In  such  work  the  quantity  of  special  aggregate  is  relatively  small  and  there  are  great 
poosibilities  for  very  beautiful  effects  at  a  small  increase  in  cost. 

Fadngs  as  most  commonly  used  are  mixtures  of  gray  or  white  cement  with  fine  sand,  either  white,  buff,  or 
yellow,  or  with  fine  crushed  marble.  Most  of  the  surfaces  are  smooth  in  mixtures  of  one  part  cement  to  2,  2H*  or 
3  pai%s  of  fine  aggregate.  Color  is  sometimes  obtained  in  the  mortar  binding  the  aggregates  by  the  use  of  mineral 
color  with  the  cement  in  small  quantities.  Such  facing  mixtures  can  be  vastly  improved  in  two  ways:  (1)  By  using 
coarser  facing  aggregates  to  give  more  rugged  texture,  more  the  effect  of  a  matetial  made  by  binding  together  with 
cement  a  composite  product  of  natural  stone;  and  (2)  by  such  a  treatment  of  resulting  surface  aa  will  expose  aggre- 
gates to  view. 

Moat  concrete  stone  has  been  of  cement  color  and  there  is  no  good  reason  why  it  should  be.  The  cement  is  merely 
a  binder,  a  mineral  glue.  .The  beauty  lies  in  the  particles  which  are  bound  together.  The  cement  may  be  removed 
from  the  exposed  surfaces  in  sereral  ways.  One  way  is  to  spray  tamped  products  with  water  when  they  are  first 
removed  from  the  molds^  using  a  noiile  giving  a  fine  diffused  mist,  applied  however  with  some  force — usually  with 
a  pressure  of  about  40  lb.  Care  must  be  exercised  not  to  wash  out  too  much  cement  and  not  to  leave  the  face 
streaked.  Some  manufacturers  do  the  spraying  with  the  product  lying  face  up  on  its  pallet  and  others  turn  the 
block  so  that  the  face  is  vertical.  The  former  is  probably  the  better  way  since  it  has  a  tendency  to  drive  the  cement 
which  is  washed  off,  into  the  stone,  where  with  the  additional  water  of  thjs  spray,  a  denser  matrix  is  formed  for  the 
exposed  aggregate. 

Another  surface  treatment  is  in  brushing  when  the  product  is  frqm  6  to  24  hr.  old,  depending  upon  curing 
eonditiona  and  consequent  rapidity  of  hardening.  £xi>eiience  alone  will  determine  in  particular  cases  the  proper 
time  to  brush  the  surface  cement  away  and  expose  the  aggregate  to  best  advantage  without  dislodging  aggregate, 
and  at  the  same  time  accomplish  the  desired  result  most  economically.  Brushing  may  be  done  with  stiff  fiber 
brushes,  or  with'l>ru8hes  made  by  clamping  together  small  sheets  of  wire  netting.  Much  depends  ui>on  the' charac- 
ter of  the  face  to  be  brushed.  Plenty  of  water  is  iised  while  the  brushing  is  in  progress.  Satisfactory  results  are 
more  apt  to  be  obtained  with  rather  coarse  facing  mixtures  in  which  a  minimum  of  sand  is  used.  In  other  words, 
only  enough  mortar  should  be  used  in  the  facing  mixture  to  bind  the  aggregates,  which  may  vary  from  fine  sand-like 
particles  to  pieces  of  1-in.  sise.  Many  different  effects  are  obtainable  with  only  a  small  variety  of  facing  aggregates 
by  using  different  gradings  and  blendings  and  combining  colors  in  different  siies.  For  such  wOrk  it  is  not  necessary 
in  many  cases  to  go  far  afield  for  a  facing  material.  Local  stone,  crushed,  screened,  and  graded  will  give  excellent 
results  and  at  the  same  time  lend  to  the  products  the  advantage  of  local  colorings  and  characteristics. 

Surfaces  may  be  further  cleaned  and  brightened  by  the  use  of  a  wash  of  commercial  muriatic  acid  and  watef 
from  20  to  60  %  in  strength  depending  upon  the  age  of  the  concrete.  The  older  and  thicker  the  cement  film,  the 
harder  the  work  the  add  must  do. 

Add  ia  used  a  great  deal  in  finishing  fine  ornamental  work  and  where  there  are  fine  lines,  care  must  be  exercised 
that  the  add  does  not  eat  too  far.  The  action  of  the  add  may  be  stopped  at  any  time  by  the  application  of  plei|- 
ty  of  iN^ater. 

162.  Standards  and  Specifications. — Building  regulations  must  always  be  on  the  side  of 
materials  having  more  strength  than  is  necessary.  Yet  under  some  regulations  to  which  con- 
crete units  are  subjected  there  should  undoubtedly  be  a  new  reckoning,  a  new  starting  place, 
and  products  should  be  graded  according  to  their  uses  and  in  some  relation  to  the  requirements 
of  other  materials. 

It  is  not  paying  any  tribute  to  the  qualities  of  properly  made  concrete  products  to  require 
that  their  strength  in  compression  shall  be  no  more  than  1000  lb.  per  sq.  in.  of  net  cross-sectional 
area.  This  jneans  that  an  ordinary  standard  block,  with  a  core  or  hollow  area  of  33 K  %  shall 
withstand  a  compression  of  only  666^  lb.  per  sq.  in.  of  gross  area.  Yet  in  actual  building 
practicethere  should  be  recognition  of  the  fact  that  with  this  comparatively  low  strength,  there 
is  an  ample  factor  of  safety  in  the  construction  of  ordinary  dwellings,  even  with  8-in.  block  only. 

Yet  it  is  unfair  to  the  manufacturer  of  concrete  units  which  withstand  a  compression  of 
2000  lb.  per  sq.  in.  of  net  area  and  vastly  more  unfair  where  products  test  as  high  as  4000  lb. 
per  sq.  in.,  to  class  all  concrete  units  together  in  a  regulation  which  fixes  the  standard  by  the 
value  of  the  product  with  the  lowest  strength. 
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Manufacturers  whose  processes  have  been  highly  developed  and  whose  factory  efficiency  has  been  built  up  to 
the  exactions  of  high  standards,  should  go  very  slowly  in  any  organised  effort  to  lower  the  standards  of  building 
requirements  so  that  there  is  no  recognition  of  high  quality  products. 

While  it  is  unquestionable  that  the  highest  standards  of  quality  cannot  be  attuned  with  equipment  designed 
and  utilised  for  the  most  rapid  production  for  the  lowest  investment,  it  is  also  unquestionable  that,  even  with  machi- 
nery in  its  p^vsent  state  of  development  prpducts  can  be  made  of  vastly  higher  quality  than  the  average  product 
now  made  with  such  equipment. 

Concrete  block  which  will  test  at  1000  lb.  per  sq.  in.  in  compression  and  show  as  high  as  10%  of  absorption,  are 
good  units — ^good  for  certain  uses.  In  taking  this  stand  there  should  be  a  full  consideration  of  the  present  develop- 
ment of  building  construction  with  all  materials  available  and  generally  recognised  in  the  building  material  mrket. 
It  is  obviously  an  unfair  discrimination  to  require  that  a  concrete  unit  shall  absorb  no  more  than  7  %  of  its  weight  of 
moisture  in  48  hr.  immersion,  because  a  like  degree  of  density  is  not  required  of  other  materials. 

Specifications  for  concrete  building  stone  are  given  in  Appendix  B. 


ARCHITECTX7RAL  TERRA  COTTA 
Bt  D.  Knicxxrbacksr  Boyd 

Arcbitectural  terra  cotta  is  a  burned  clay  product.  Due  largely  to  its  being  molded  in  a 
plastic  state,  it  possesses  qualities  which  give  it  distinctive  character;  and  it  should  be  used  in 
such  a  way  that  its  individuality  will  be  expressed.  By  its  use  various  surface  treatments, 
such  as  modeling  or  decoration,  texture,  and  color,  may  be  procured  and  combined  in  one  ma- 
terial. It  is  fire  resistive  throughout  and  its  surface  is  practically  non-absorbent.  It  is 
adaptable  for  face  work  or  for  trimmings  in  connection  with  masonry,  steel,  and  concrete  con- 
struction, and  for  ornamentation  in  connection  with  other  materials. 

168.  Raw  Materials. — In  the  manufacture  of  terra  cotta,  clays  of  a  high  quality  must  be 
used,  and  the  proper  selection  and  proportioning  of  these  clays  is  of  prime  importance.  Even 
though  the  same  body  is  used  for  all  the  various  colors,  finishes,  and  surfaces,  as  is  the  practice  in 
most  terra  cotta  plants,  it  is  nevertheless  seldom  that  any  one  locality  furnishes  all  the  clays 
required  for  a  first-class  terra  cotta  body.  A  partial  vitrification  of  this  body  is  desirable,  but 
a  clay  that  is  too  fusible  will  warp  badly  in  burning.  To  correct  this  tendency  at  least  one  of 
the  clays  should  be  a  refractory  (or  fire)  clay  and  to  further  insure  straightness,  about  one-third 
of  the  mixture  should  be  of  ground  burned  clay. 

164.  Manufacturing  Processes. — The  clays,  after  being  ground,  are  mixed  with  water 
and  thoroughly  tempered  before  being  sent  to  the  molding  room.  Architectural  terra  cotta  is 
not  a  stock  material.  Every  piece  is  made  especially  for  the  building  in  which  it  is  to  be  used 
and  is  intended  to  occupy  a  certain  particular  place  in  that  building.  If  several  pieces  of  terra 
cotta  of  the  same  design,  size,  and  shape  are  required,  a  shrinkage  scale  model  of  plaster  and 
clay  is  made  and  from  this  a  plaster  mold  is  taken.  When  the  molds  are  dry,  the  plastic  clay 
is  pressed  into  them  by  hand  and  when  partially  dry  is  removed. 

Only  one  mold  is  required  for  all  pieces  of  the  same  size  and  design  and  for  this  reapon  orna^ 
mentation  in  terra  cotta,  especially  repeated  ornament,  is  less  expensive  than  with  materials 
requiring  separate  cutting  and  carving  for  each  individual  piece.  The  use  of  the  same  mold  for  a 
large  niunber  of  pieces  would,  perhaps,  give  a  mechanical  effect  if  each  piece  were  not  retouched 
after  being  removed  from  the  mold.  This  retouching  is  done  by  the  molder  or  carver  if  the 
work  is  of  a  decorative  nature,  or  by  the  clay  finisher  if  only  truing  up  or  undercutting  is  re- 
quired. 

In  the  case  of  ornamental  work,  if  only  one  or'  two  pieces  are  to  be  made  of  the  same  design  and  sise,  and  no 
repetition  is  intended,  the  clay  is  modeled  by  hand  into  the  required  shape,  and  molds  are  not  used.  The  models, 
whether  molds  are  required  or  not,  can  be  studied,  improved,  or  modified  before  being  burned.  The  architect 
sometimes  examines  the  model  in  person  and  alterations  are  then  made  directly  under  his  eye  and  sometimes 
photographs  are  made  and  sent  to  him  for  his  criticisms. 

After  being  removed  from  the  molds,  the  product  is  carefully  dried  and  the  color  applied.  This  is  done  by 
spraying  on  the  exposed  surfaces  a  thin  "slip"  or  liquid  mixture  of  a  predetermined  character,  which,  when  burned, 
gives  the  desired  color  and  surface  finish. 

The  terra  cotta  is  then  burned  in  kilns  at  a  temperature  of  about  2250  deg.  F.,  where  it  remains  from  7  to  15 
days,  according  to  the  sise  of  the  kilns  and  the  time  required  for  cooling  before  removal.     In  the  drsring  and  burning 
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proow.  all  wstei  hinDg  been  eipelled,  ttere  ii  a  conBequm 
in  1  {L — sUawuioe  [or  which  is  mulf  by  &  terra  cotts  draftj 
gale  OT  full  siH  details  at  what  ii  knawD  u  tho  "  ehriakage  Ksie"  of  13  in.  to  the  foot. 

166.  Asaembting.' — ^Before  shipping  the  terra  cotta  to  the  work,  each  piece  ifi  numbered 
and  carefully  fitted.  The  fitting  operation  coosists  in  placiDg  the  various  pieces  in  the  relative 
positions  which  thej  would  have  in  the  building  and  then  trimming  the  joints  where  necessary 
so  that  the  pieces  will  all  fit  accurately  together.  By  the  use  of  a  rubbing  bed  the  joints  may 
be  rubbed  to  an  absolutely  straight  line,  in  the  same  manner  that  stone  is  rubbed.  The  iub~ 
bing  of  the  joints  is  a  great  advantage  where  absolute  alignment  of  the  pieces  is  especially 
desired,  and  is  most  frequently  required  for  work  in  connection  with  entrances  and  lower 


Flo.  SO.— Example!  of  iointinc  in  i^olumna  and  baacs.     Not«  on  tiles  of  pieces. 

Stories.  For  work  at  a  height  of  30  ft.  or  more  above  grade,  the  rubbing  of  joints  is  usually 
regarded  as  an  unnecessary  expense.  Rubbed  joints  should  be  uniformly  true  and  not  less 
than  H  in-  nor  more  than  ^e  ii'  wide.  Other  joints  should  be  carefully  fitted  and  should  not 
be  less  than  ^i  in.  nor  more  than  %  in.  wide. 

The  numberinjE  operatioB  oonaiata  in  marking  each  piece  to  correapond  vith  a  number  placed  on  the  setlini 
dimwinga.  ful]  and  compiel*  lets  of  which  are  furniahed  by  the  manufacturer.  Setting  drawinis  ahow  thg  siM  of 
JoinU  to  be  u»d  for  the  various  portions  of  the  work  sod  tlie  position  of  each  block  in  the  building. 

IM.  Protection  in  Shipping.— After  numbering,  the  work  is  ready  for  delivery  and  is 
shipped  to  the  building'.  In  shipping  terra  cotta,  each  piece  should  be  carefully  packed  in  hay 
or  straw;  and  ornamental  or  projecting  members  should  in  addition  be  protected  by  boxing 
or  crating.    The  same  care  should  be  exercised  if  the  material  is  stored  at  the  gite. 
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167.  Sizes  and  Characteristics. — Terra  cotta  is  usually  made  in  blocks  24  to  30  in.  long  and 
of  a  height  less  than  this,  the  exact  height  determined  by  the  character  of  the  work.  Owing  to 
the  tendency  of  large  clay  products  to  warp  in  burning,  extremely  large  blocks  are  difficult  to 
obtain  in  true  alignment  of  surface.  All  pieces  should  be  of  sufficient  depth  to  properly  tie  into 
the  backing.  About  4  in.  is  required  for  ashlar  work  and. for  slight  projections.  For  greater 
projections  the  block  should  be  sufficiently  deep  to  be  self-supporting  or  should  be  properly 
secured  by  anchors. 


may  tBo^fiadf  rhus 


RiBcfDnguiar  f^iaed  Jbinf 


Oval  Rtiised  Jbinf 

Pia.  61. — Two  methods 
of  making  raised  joints  on 
sloping  surfaces. 


To  save  material  and  weight  and  to  lessen  the  tendency  to  warping,  blocks  are 
formed  of  an  outer  shell  connected  and  braced  by  partitions  or  webs.  These  webs  are 
usually  arranged  so  that  the  spaces  do  not  exceed  6  in.  The  outside  shells  and  the 
partitions  should  be  of  uniform  thickness,  ranging  from  1  in.  in  small  pieces  to  IH 
in.  in  large  pieces. 

Terra  cotta  should  be  well  burned;  should  give  a  sharp  metallic  ring  when  struck; 
and  sample  or  test  pieces  broken  in  two  should  show  a  uniform  fracture  and  no 
air-holes  in  spots.  The  body  should  be  hard  enough  to  resist  scratching  with  steel, 
should  be  free  from  fire  or  body  cracks  that  would  impair  its  strength  or  durability 
and  the  blocks  should  not  be  badly  warped  or  twisted.  Columns,  oomices,  mold- 
ings, etc.,  should  be  reasonably  straight  and  true,  and  free  from  irregular  or  wavy  lines. 
Examples  of  jointing,  notes  on  sises,  and  sections  showing  the  webs  in  cylindrical 
columns  (and  base)  are  illustrated  (see  Fig.  60). 


168.  Surface,  Finish,  and  Color. — Up  to  about  30  yr.  ago,  terra  cotta  was  made  in  but  two 
colors — ^unglazed  red  and  unglazed  buff — the  red  being  the  more  widely  used,  matching  the  red 
brick  with  which  it  was  then  most  frequently  used.  At  the  present  time,  while  the  body  of 
all  good  terra  cotta  is  very  much  the  same,  by  surface  treatment  practicaly  every  color  that 
could  be  wanted  in  architectural  work  can  be  obtained.  Terra  cotta  can  be  made  similar  in 
color  and  texture  to  the  various  building  stones,  shafts  of  stone  columns  being  frequently  fitted 
with  ornamental  caps  of  terra  cotta.  Unless  the  terracotta, 
however,  is  ornamental  or  the  surface  prominently  molded,  it 
should  not  be  used  to  match  up  to  or  imitate  adjoining  stone 
work,  for  the  two  materials  will  weather  differently.  Prefer- 
ably, each  should  be  so  designed  and  used  as  to  preserve  its 
own  identity. 

While  terra  cotta  may  be  manufactured   in  practically  any  surface  Joir^ 

texture  or  finish  desired,  the  usual  surface  treatments,  irrespective  of  color, 
are  known  as  Standard^  Granite  and  Glazed.  The  usual  colors  and  finishes 
manufactured  are  as  follows:  Standard  Finieh. — A  dull  finish  similar  to 
dressed  limestone  and  made  in  various  shades  of  buff,  gray,  salmon,  red,  and 
brown.  Most  surfaces  thus  produced  are  vitreous.  Granite  Finish 
(Standard). — A  mottled  surface  on  standard  terra  cotta  producing  a  granite 
effect.  Glazed  Matt  Finish. — An  enameled  porcelain  surface — impervious — 
in  various  colors.  Faience  colors  are  almost  invariably  matt  finish.  Glazed 
Lustrous  Finish. — An  enameled  porcelain  surface  with  high  gloss — ^impervious 
— ^usually  made  in  white  and  cream  shades.  Glazed  Granite  Finish. — A 
mottled  surface  covered  with  enamel  of  high  quality.  Either  lustrous  (a 
polished  granite  effect)  or  matt. 

The  different  colors  and  finishes  increase  in  cost  in  the  following  order:  (1)  Standard  finish,  plain  colors; 
(2)  Standard  finish,  granites;  (3)  Glazed,  mottled  and  granite  effects;  (4)  Glased,  matt  finish;  (5)  Glased,  lustrous 
finish;   (6)  Glased,  gold  or  silver;  (7)  Glased,  reds. 

169.  Washes,  Flashings,  Anchors,  Hangers,  Etc. — All  sills,  copings,  washes  inside  of  the 
wall  line,  and  all  washes  more  than  4  in.  wide  on  projecting  members  should  have  raised  filleted 
horizontal  joints  (see  Fig.  61).  Sills  should  have  a  raised  fillet  at  the  back  to  be  let  into  a 
groove  in  the  wooden  sill  or  should  have  raglet  for  metal  water  bar  (see  Fig.  62).  Ornamental 
work,  where,  on  account  of  the  character  of  the  detail,  pockets  are  formed  in  which  snow  or 
ice  can  collect,  should  be  provided  with  holes  or  washes  for  drainage.  Copings,  sills,  and 
projecting  members  generally  should  be  provided  with  drips,  and  cornices  with  weep  holes 
wherever  necessary. 

Wide  flat  washes  in  terra  cotta,  where  it  is  impractical  to  use  either  a  sufficiently  steep 


FiQ.  62. — Details  of  sill  construction 
witK  raised  joints  and  fillets. 
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pitch  for  readily  sheddii^  the  wat«r  or  raised  jolDts  (including  gutters),  should  be  covered  with 
copper  flashing.  Sufficient  width  of  copper  must  be  allowed  for  covering  the  entire  width  of 
the  waeh  and  with  the  back  edge  of  the  copper  tucked  into  a  joint  or  groove,  properly  located 
according  to  the  particular  case,  so  that  there  will  be  no  pOBeibility  of  seepage  of  water  into  the 
structure.  This  flashing  method  should  be  used  in  every  case  where  the  wash  pitches  inward 
toward  the  structure  and  stops  against  any  superimposed  work,  such  as  walls  of  stories  above, 
parapet  balustradiog,  parapet  walls,  etc.     In  do  case  should  gutter  grades  be  formed  in  archi- 


Tta.  03.— Modillion  cornice  iritb  eutlei  abowiiiE  method  of  oupport  anil  aDchomBe,  conHniction  of  gutter,  eto. 

tectural  terra  cota.    Structural  tile,  cement,  or  concrete  should  be  used  to  form  the  grade  and 
this  in  turn  covered  with  metal  (see  Fig.  63). 

On  most  work  the  terra  cotta  contractor,  before  any  manfacturing  is  done,  submits  to  the 
architect,  for  hia  correction  and  written  approval,  carefully  prepared  shop  drawings  showing  the 
jointing  of  all  work,  anchorii^  of  projecting  members,  etc.,  and  the  engagement  of  the  terra 
cotta  with  the  masonry  or  steel  work,  and  any  unusual,  difficult  or  special  construction  that 
may  be  required  to  be  clearly  shown.     A  typical  example  is  illustrated  (see  Rg.  64). 

coDtrftcCor  for  the  erection  of  tbe  work.     If  it  is  desired  to  iacludg  the  funuthing  of  theH  nnchora,  bolts,  etc.,  u  a 
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part  of  the  ooatract  for  BCtCioSp  the  mAaufHcturfir  will  luriLUh  a  •ohedule  of  the  uh  uid 
cliunpa.  danb.  himBen,  bncketi.  asd  ipecial  nark  ncceouy  to  Kcunly  anchor  ths  terr 
backing  and  to  the  ■tmctura]  frame,  and  Ut  aupport  any  proJectiDB  piecca.     Thia  miacell 
frequently  be  purchaaed  in  the  local  market  more  economically  (hat  it  cao  be  furnished  b] 
fKCturer.     Provided  that  aufficicatly  detailed 
information   oui    be    dven   the    biddera    lo 
enable  them  lo  aceurately  eBtinale  the  quan- 
tity ol  meUl  required,  it  ia  (enerally  recom- 
meeded  that  the  fumiiluiic  of  all  anchon, 
tiea.  etc.,  be  made  ■  part  of  the  contract  for 
the  aettini  of  the  work. 


Fio.  M.— Section  IhrouKh  Lintel,  rornicr.  and      Fio.  S5.— Elevatiom  and  Mcliona  of  three  aiinple  typ*«  ol  lintela 

The  metal  UMd  for  lecuriiui  the  (crTS  eotta  to  the  frame  work  ihould  not  be  lioB  than  >i  in.  thick  aod  tmnft 
bolts  and  dowels  not  \na  than  >i  io.  in  diameter,  iocreaaini  the  diameter  in  proportion  to  the  miiht  of  the  piecM. 
Aihlar  aochon  ihouM  be  l^  X  I  in.  Wherever  praeliul,  all  wall  and  gtrap  anchon  should  be  eut  and  bent  on  the 
Bcaflold.     All  metal  work  should  be  painted  two  coata  of  red  lead  and  oil,  and  allowed  to  dry  before  uaing.     Gal- 


Pio.  oa.— Section  Ihrouih         Fio.    87,— flection  through    paneled 

vaniiing  makes  anchon  bHllle  and  Rlls  uji  the  threads  ol  bolM  and  sdjusUble  anchon.  thus  neeesitaling  rethread- 

melhods  of  sccomplishini  tifhl  rnulls  over  opeoinse  in  walls.  Three  illuatialioni  are  shown  in  Fi«.  65  of 
the  simplest  typical  lintel  eonitruction.  Other  typea  of  MfflU  and  lint«la  over  openinaa,  ineraaaini  in  depth, 
omamentstioD,  or  siie  and  number  ol  pieces,  with  each  illustration,  arc  shown  in  Fics.  6S.  S7  and  68. 
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170.  Setting. — Terra  cotta  is  uau&lly  set  by  the  mason  contractor.  Where,  however,  the 
contract  is  large  enough,  Kood  reeulU  can  sometimes  be  obtaiDed  by  having  the  manufacturer 
do  the  setting. 


anchwifk.  MKaUimiiUg'mfmim/optmfi/m^tKlUlrnmf  h 


J'AnctKr 


Mlneforin^^iiai  !'-f»f<fe  he 


OiojiBn  of  Cornice,  ^ 
Pio.  00.— DsUdb  of  iron  machon.  hwicen 


and  Brockd' Supporl 
'raps,  ctipfl,  etc.  ueed.  in  e 


+ 


ircUtccturtl  tern,  rt 


The  terra  cotta  for  the  various  portions  of  the  work  should  be  assembled  at  the  building 
and  the  si  MS  checked  off,  assolovcrify  thejoint  allowance  and  toguard  against  variationH  which 
might  have  occurred  in  the  frame  work  or  superstructure  of  the  building  aa  thus  far  erected. 
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The  work  should  be  anchored  to  the  backing  and  hung  or  secured  to  the  structural  frame 
as  indicated  on  the  setting  drawings.  Heavy  projecting  courses,  whether  supported  by  metal 
or  not,  should  be  well  shored  up  from  the  exterior  until  the  work  on  top  of  these  courses  is 
placed  to  a  sufficient  height. 

All  terra  cotta  should  be  set  from  outside  scaffolding.  It  should  be  closely  fitted  and  carefully  laid  on  a  solid 
bed  of  mortar.  The  mortar  should  fill  all  the  rebates  in  the  bed  and  cross  joints  from  front  and  back  and  top  to 
bottom,  leaving  no  hollow  spaces. 

On  first  and  second-story  work,  each  piece  after  being  tamped  in  place  shoidd  have  the  joints  raked  out  to  a 
depth  of  H  to  K  in*  (o^  pointing.  Above  the  second  floor  it  is  usual  to  cut  off  eicess  mortar  and  strike  the  joints 
with  a  trowel  or  jointer.  Wall  copings  should  be  set  in  a  thick  bed  of  mortar  and  well  pounded  down  so  that  the 
mortar  wiU  fill  all  spaces  around  the  webs.  The  vertical  joints  should  be  filled  with  waterproof  cement.  For  details 
ot  wall  copings,  see  Fig.  70. 

Mortar  for  setting  terra  cotta  should  be  composed  of  three  parts  of  non-staining  white  Portland  oement,  one 
part  by  volume  of  hydrated  Ume,  and  eight  parts  fine  clean  sand.  Plaster  of  Paris,  or  salt,  should  not  be  used  in 
the  mortar,  nor  any  cement  that  swells  in  drying.  The  various  materials  should  be  carefully  measured,  thoroughly 
mixed,  and  the  mortar  used  within  30  min.  after  mixing. 


miM 


Copings  for  walls  up  to  13  in.  in  thickness 
may  be  safely  made  in  one  piece,  for  walls  13 
to  28  in.  in  thickness  in  two  pieces,  and  for 
walls  above  28  in.  in  thickness,  in  three  or 
more  pieces  as  required. 

Fio.  70. 


171.  Pointing. — After  all  exterior  work  is  com- 
pletedy  all  raked-out  joints  should  be  carefully  pointed 
with  mortar  composed  of  one  part  nonnstaining  white 
Portland  cement  and  one  part  clean,  fine  (white)  sand, 
mixed  as  stiff  as  can  be  worked,  forced  well  into  the 
joints  and  tooled  or  troweled  to  produce  the  desired 
effect. 


All  exposed  joints  in  projecting  and  overhanging  features, 
parapet  work,  and  work  standing  free,  should  be  raked  out  K 
in.  and  pointed  with  a  waterproof  cement  mortar,  such  as  one  part  non-staining  Portland  cement,  two  parts 
clean  sand,  10%  by  volume  of  best  quality  lime  putty,  and  2%  of  an  approved  waterproofing  compound,  mixed 
in  strict  accordance  with  the  manufacturer's  directions.  In  place  of  the  waterproofed  cement  mortar  there 
are  those  who  advocate  the  use  of  tried  and  approved  elastic  calking  compounds. 

172.  Cleaning  Down. — On  completion  of  the  work  and  after  all  mason's  wedges  and  all 
centering  are  removed  and  after  pointing  and  repointing  all  joints  wherever  necessary,  the  sur- 
face of  the  terra  cotta  should  be  cleaned  down  with  water  and  a  good  abrasive  soap  or  washing 
powder,  using  sufficient  force  in  scrubbing  to  remove  all  stains.  Any  hard  lumps  of  mortar  may 
be  removed  by  the  use  of  a  sharpened  hardwood  stick,  but  steel  brushes,  chisels,  or  other  metal 
tools  which  might  damage  the  surface  by  scratching,  chipping,  or  discoloration  with  rust  stains 
should  not  be  allowed. 

If  "standard*'  terra  cotta  is  used,  and  the  washing  does  not  remove  the  worst  stains,  a  solution  of  1  part  com- 
mercial muriatic  add  to  10  parts  water  may  be  used.  This  should  never  be  put  in  any  metal  container  on  aooount 
of  the  liability  of  the  acid  forming  rust  stains — wooden  pails  or  crockery  should  be  used. 


TILING 

By  D.  Knickerbacker  Boyd 

The  word  "tile  "  has  its  origin  in  the  Anglo-saxon  "  tigel "  which  in  turn  is  a  derivative  of  the 
Latin ' '  tegula, "  from  tego — ^to  cover.  Although  since  appropriated  to  designate  other  products 
made  in  all  sorts  of  shapes  and  from  all  kinds  of  raw  materials,  the  term  'Hile''  w^ithout  other 
qualifying  words  or  phrases  still  properly  applies  to  those  examples  of  the  ceramic  art  which  are 
used  as  a  surfacing  or  finish  for  floors,  walls,  and  ceilings,  and  in  mural  decoration  on  the  in- 
terior or  exterior  of  buildings. 

173.  Manufacture  of  Tiles. — ^Tiles  are  made  from  different  kinds  of  clays,  feldspar,  and 
ffints  obtained  from  domestic  banks  and  quarries  or  imported  from  other  countries.  These 
raw  materials  undergo  a  variety  of  refining  and  mixing  processes  before  they  become  suitable 
for  forming  or  pressing  into  tiles.     According  to  the  process  used,  tile  makers  distinguish  between 
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tiles  made  from  the  materials  in  the  plastic  Btate  and  those  pressed  by  means  of  machinery  from 
the  pulverized  and  practically  dry  materials — the  "dust".    Thus,  in  the  one  case  the  tiles  are 
"made  plastic,  "in  the  other  case  they 
are  "dust-pressed." 

ITi.  Unglazcd  Hies. — UnglaEed 
tiles  are  produced  in  one  firing  which 
brings  them  direct  to  their  ultimate 
d^ree  of  vitrification,  color  and  sur- 
face texture.  The  colofB  in  these  _  _  _|..  ,  ,■  j  ,■ ,  f  h  tit 
unglased  tiles  are  produced  either  by 

the  selection  of  clays  that  will  burn  to  the  desired  color,  or  by  the  addition  of  certain  oxides, 

such  as  the  oxides  of  cobalt,  chromium,  etc.     It  lies  in  the  nature  of  the  raw  materials  and 

color  ingredients  that  some  of  these  tiles  can  be  fired  to  complete 

vitrification,   while  others  do   not  permit  this.     Consequently,  the 

ui^Iazed  tiles  are  divided  into  "vitreous"  and  "semi-vitreous." 

The  vitreous  colors  in  unglazed  tiles  include  white,  silver  gray, 
celadon,  green,  blue  green,  light  blue,  dark  blue,  pink,  cream  and  so- 
called  "granites"  of  these  colora.  The  semi-vitreous  colors  comprise 
buff,  salmon,  light  gray,  dark  gray,  red,  chocolate,  black,  and 
s"  of  these  colors. 
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The  thicrkDoa  at  tbeee  unslaied  tile*  varie*  witb  aiu  and  kind,  the 
larger  liiea  and  ahapn  having  a  tbickneaa  of  from  H  to  I  in.,  wbile  (crtunio 

m™c  are  uauallyK.  in.  thick.  ^^      73.-C.r.ml™o«i.  floor. 

plain  field  with  border. 

176.  GUzed  Tiles. — Glazed  tiles  are  made  from  essentially 
the  same  materials  and  by  the  same  processes  as  the  unglazed  tiles,  except  that  they  require 
two  firing.     The  first  firing  produces  the  "biscuit,"  "bisque"  or  "body"  made  either  plastic 
or  by  the  dust-pressed  method.     This  bisque  is  subsequently  coated  with  the  "glaiing" 
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liquid,  tnftde  from  pulvemed  clay,  feldspar,  flint,  and  a  flux.     The  biaquefl  are  then  again 
placed  iu  the  kilns  and  aubjected  to  high  temperatures  which  unite  glaze  and  bisque. 

Trade  custom  has  established  the  application  of  the  word  "glazed  "as  an  cxcluBivedcagna- 
tioQ  for  iDAif«  glazed  tiles,  while  thesamekindof  tiles  in  color  are  known  by  the  term  "enamels." 
Thus,  the  white  tiles  generally  used  for  wainscot  in  bathrooms  are  "glazed"  tiles,  and  tilee  with 
a  colored  glaze  are  "enamels." 


Fia.  74.— Rectsiuulat  Elaud  mil           Fio.  75. — Uliutnling  tile  door  iiun  Fia.  7S.— S^ukre  gb 

le,  round  Kiamic-maBiik  floor  tile,    and  plinth.  »ilh  cove  oD  Aoor.     Com-  mil  tile.  ocUgoiml  vitr. 

ipanie  aovaind"waveD"  combine-    binstioD  tile  is  most  desirable  to  be  used  floor  tile.  lepkiate  rovi 

indow.  Quftrler  round  at  comer. 


bright  have  a 
to  all  finiihca  inten 
CUied  tilei  ai 


176.  Trim  Tiles. — For  use  as  bases,  caps,  corners,  moldings,  door  and  window  trim,  etc., 

^^     ^^         certain  shaped  tiles  are  made  to  match  the  ut^lazed  or  glazed  field  or  body 

C^^   \\X-^     of  tilework,  which  are  designated  by  the  terms  trim  or  tnmmeri.     The  range 

4^*^_  '^^     of  shapes  obtainable  in  these  trimmers  is  quite  extensive  and  meets  any 

utilitarian  or  decorative  demand. 

licnce  1b  applied  to  comparaCivel]'  rou^h  (laxed  tiles  made  plutie  and 
lels  of  varioufl  teitureo.  Any  special  deeicn  t)t  eolor  effect  can  be  carried 
d  it  ia  eflpecially  adapted  to  the  decorative  treatmeut  of  int^iiDi  aod  ex- 

17T.  Grades  of  Tile. — Tiles  are  not  manufactured  in  predetermined 
of  co've'balM~A^a'Bd  8''sde8  or  qualities.  The  object  of  the  makers  Lb  to  produce  but  one  grade, 
E  bcini  thoee  le-  i.e.,  the  highest  quality.  But  due  to  limitations  in  tbe  piocefises  and  the 
in  waod"coiiatruccioir.  difTiculty  of  absolute  control  in  firingconditions,  certain  variations  inshadee, 
in'inl'or''Mraidcr"'°  sizes,  etc.,  take  place  which  are  inherent  to  tile  manufacture.  The  tile 
makers  therefore  sort  the  tiles  after  they  come  from  the  kilns  into  different 
grades  which  experience  has  established  as  expedient.  With  respect  to  wearing  and  sanitAry 
qualities  no  difFerence  exists  in  these  tiles,  and  appearance,  size,  warpage,  surface  blemishes, 
etc.,  alone  are  the  basis  for  the  sorting. 
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The  white  aJMcd  vkU  tiles  an  ended  ud  muketcd  Id  tbnesndn  or  qiulitiea--Tii..  "(elected."  "itsiKUnl," 

lued  in  the  gensril  ruD  of  work,  (Uch  u  in  burber  shops,  u[eterisi,  hoteli  sod  sptutmeDt  house  bsth  lODins,  moder- 
ste  priced  nsidsDcio.  eta.  This  gnde  prsctimlljf  repnsFcts  the  tilts  ss  they  come  [rom  the  kiln,  lorted  howfTSr 
for  uailarniitr  io  sue.  For  the  selectsd  and  commereisl  quslities,  the  tiles,  ss  they  come  from  the  kilns,  sre  divided 
ioto  two  crsdes.     The  tiles  thst  sre  ss  neuly  perfect  ss  is  possible  to  manufscture  sre  Fhcseo  sad  nsrketed  ss 

pitAls.  etc.,  while  the  rcaxsiadeT  sre  offered  ss  the  "oomjnerdsr'  grsde.  This  commsrcLsl  ETsde  finds  extensive 
use  where  economy,  service,  ssnitstion,  snd  li^ht  reflecting  quslities  sre  required  snd  where  msnufsctuiinc  blem- 
ishes are  of  secondary  importsnee,  inch  ss  in  msnufseturing  flstsblishmentfl,  basement  toilets,  linings  of  ehafts,  etc. 
Tbfl  ensmels.  vitreous  tiles,  and  cersmio  mossic  sre  marketed  in  two  grades — vis.,  selected  snd  commercial— 
and  the  semi-Titreous  tiles  in  one  grade  only,  selsotsd. 

178.  Crmzing. — In  fonner  years  some  manufacturers  were  occasionally  willing  to  guarantee 
((lazed  or  eoamel  tiles  against  crating  and  some  specifications  even  today  call  for  tiles  to  be 
guaranteed  non-craiing.  This  however,  is  no  longer  done  by  any  of  the  large  producers  who 
are  bound  to  recognize  the  limitations 

of  the  ceramic  art  and  realize  that 
craEJng  (or  crackling)  of  any  glazed 
surface  cannot  be  absolutely  guarded 
against. 

known  as  erasing  is  considered  to  be  the 
slightest  kind  of  a  diSerence  in  the  coeffi- 
eienla  ol  eipansioD  between  the  materials 
camprisinE  the  body  and  those  of  the  glase, 
which  most  frequently  does  not  msnifpst 
itself  until  alter  the  tile  are  laid.     This  may 

tile  are  laid  and  sometimes  wiU  occur  where 
the  sun  ahinea  on  the  tile  or  in  the  proomlty 

in  the  same  piece  of  work. 

The  foreKoing  remarks  refer  prinripslly 
to  bright  glsie  finishes  on  any  tile.  Id  the 
finest  decorative  tiles,  in  [sience,  snd  in  other 
finishes,  the  erase,  like  that  of  the  surfscs 
rffect  produced  by  ths  crackled  finish  of  ths 
finest  oaamic  work,  is  legarded  with  favor.  .' 

179.  Setting  of  Tile.— Particular 
attention  should  be  paid  to  the 
methods      employed      to     overcome 

shrinkage   of  woodwork   when  bath-    FiO.  78.— niuat rating  soraeof  the  "Trimmers"  made  lor  glased 

rooms  or  other  places  are  to  be  tiled 

in  buildings  of  frame  construction — or  in  any  type  of  building  with  wooil  joists.  Interior 
partitions  should  be  located  over  those  below  and,  where  this  is  not  possible,  Bt«el  beams 
should  be  used  to  support  the  partitions  surrounding  bath  rooms  or  other  tile  places  so  that 
no  greater  shrinkage  will  occur  than  at  the  outside  walls.  With  such  construction,  lighter 
weight  joista  may  be  used,  especially  under  the  tile  floors,  assuring  better  seasoning  and  icBS 
shrinkage  as  well.  In  addition  to  insuring  the  tile  work  against  the  effects  of  settlement,  this 
type  of  construction,  through  saving  of  labor  in  doubling  trimmers  and  headers,  bevelling 
of  joists,  cutting  in  floor  boards,  etc.,  will  be  found  to  have  its  economies,  compensating  for 
e  due  to  the  introduction  of  steel  in  place  of  wood  where  indicated. 

>t  OB  the  wall  tiles;  siso,  thst  internal  comers,  if  cove,  be  msde  either  with  separate  cov»  or 
the  eomtrinalion  tilts.  The  latter  should  not  be  alternsted  or  woven  in  wood  conslruction 
irinkage  will  break  the  tile.  These  piecautiona  do  not  ol  course  apply  in  the  case  of  fire  re- 
stive eonslmction  where  floors  and  partitions  are  ol  eoncrete.  hollow  tile,  or  maaonry,  or  encased  itecl  construetion.' 
In  these  tyjMS  of  eoDStniction  full  rsnie  of  cbuoe  in  the  "tilelrim"  msy  be  resorted  to. 

Recommendations  as  to  various  typ«  ol  construction  sre  to  be  found  in  the  "Stsndard  Msthods  tor  Setting 
Tilswork"  as  published  by  the  Assodsted  Tile  hianufactureis,  Beaver  Fslla,  Pa. 
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GLASS  AND  GLAZING 

Bt  D.   KmCKEBBACKSB  BOTB  AND  LbRoT   E.    KbRN 

180.  Raw  Materials. — The  principal  raw  materials  used  in  the  manufacture  of  glass  for 
general  glazing  purposes  are:  silica  (white  sand),  lime  (limestone),  soda  (soda-ash),  charcoal, 
cuUet  (broken  glass),  a  small  quantity  of  alumina  bearing  material,  and  possibly  decolorizing 
agents.  These  are  mixed  in  large  earthenware  pots  and  fused  at  a  temperature  of  about  3000 
deg.  F. 

ISl.  PhjTsical  Properties  of  Glass. — The  composition  and  physical  properties  of  glass  are 
widely  variable,  not  only  in  different  varieties  of  glass,  but  also  in  different  makes  of  the  same 
type  or  kind  of  glass.  Neither  the  mixing  formulas  nor  the  conditions  of  manufacture  have 
ever  been  standardized  and  no  general  text  book  on  the  selection  of  grades  or  materials  has  been 
issued  in  this  country.  The  results  of  tests  made  to  determine  the  physical  qualities  of  glass 
have  differed  greatly  as  is  indicated  by  the  following  table: 

Table  of  Physical  Properties  of  Glass 

Tensile  strength 2.000    to  10,000   lb.    per  sq.   in. 

Modulxis  of  rupture. ..'. 3.000    to    4,000    lb.    per    sq.    in. 

Modulus  of  elaatioity 10,000,000  to  11,000,000  lb.  per  sq.  in. 

Crushing  strength. 6,000    to    20,000    lb.    per   sq.    in. 

Crushing  strength  of  cylinders  up  to 39,000   lb.   per  sq.   in. 

Specifio  gravity 2.4  to  4.6 

Expansion  for  180  deg.  F H  in.  in  12.13  to  12.81  lin.  ft 

• 

182.  Defects  or  Blemishes  in  Glass. — The  defects  to  which  glass  is  subject  in  the  process 
of  manufacture  are  of  two  general  kinds:  (1)  those  due  to  imperfect  polishing  and  grinding,  and 
(2)  those  that  are  contained  in  the  body  of  the  glass  itself.  In  cutting  the  large  sheets  into 
commercial  sizes,  care  is  taken  to  eliminate  as  far  as  is  practical  any  defects  or  blemishes  that 
may  be  present  and  to  obtain  the  largest  possible  percentage  of  the  better  grades  of  the  glass. 

The  principal  defects  due  to  grinding  and  polishing  are  as  follows: 

Sand  Laah. — This  occurs  near  the  edges  of  the  sheet  if  the  grinding  block  runs  off.  It  is  a  collection  of  scratches 
and  is  easily  detected. 

Orey  Spot  or  Stunt  FinUh. — This  is  caused  by  insufficient  grinding  or  polishing.  It  has  the  appearance  of  a 
collection  of  dust  and  sometimes  requires  a  careful  examination  to  detect. 

Block  Reeka  or  Sleeks. — Caused  by  a  coaise  particle  of  rouge  working  under  the  polishing  block.  It  is  a  smooth 
scratch  and  shines  out  sharply  in  reflected  light. 

Burned. — ^A  spot  where  the  polishing  block  was  allowed  to  run  dry  thereby  causing  the  surface  film  to  start 
to  melt.     It  has  a  finely  and  slightly  mottled  appearance  on  the  surface  but  not  in  color. 

The  following  are  the  principal  defects  which  may  be  contained  in  the  body  of  the  glass: 

Bubbles, — The  name  describes  this  defect. 

Seed. — Fine  bubbles. 

Ream. — A  defect  the  cause  of  which  b  difficidt  to  determine.  It  results  in  a  distorted  image  when  looking  at 
an  object  at  an  angle. 

Waves. — An  undulation  of  the  surface.  Owing  to  the  method  of  manufacture,  these  can  not  be  entirely 
avoided  in  cylinder  glass. 

Stone. — A  paitide  of  unfused  material  embedded  in  the  glass.  This  is  one  of  the  most  serious  defects  to  which 
glass  is  subject  as  it  makes  a  point  of  high  local  stress  and  is  very  likely  to  cause  the  glass  to  crack. 

String. — An  irregular  shining  streak  made  by  the  passage  of  a  small  "stone"  during  the  manufacture  of  the 
sheet. 

183.  American  and  Foreign  Glass. — Practically  all  glass  now  on  the  market,  and  used  in 
connection  with  building,  is  produced  in  America  and  the  following  data  are  intended  to  cover 
the  manufacture,  qualities,  and  sizes  of  the  various  domestic  glasses  in  general  use  only. 

184.  Grading. — In  the  manufacture  of  glass  only  one  product  is  aimed  for  and  the  various 
grades  or  qualities  are  the  results  of  selections  made  in  the  effort  to  separate  those  sheets  which 
are  nearest  perfect  from  those  which  contain  some  of  the  blemishes  inherent  in  the  process  of 
manufacture. 
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In  this  process  of  selection  and  separation,  the  personal  equation  enters  to  a  considerable 
extent,  the  grade  being  determined  largely  by  the  general  appearance  of  the  sheet.  Thus  a 
small  defect  or  blemish  might  be  permitted  in  a  large  light  and  be  the  cause  for  rejection  if 
occurring  in  a  small  light.  For  this  reason  small  size  samples  seldom  correctly  indicate  the 
quality  of  the  glass  proposed  to  be  furnished. 

It  is  sometimee  yeiy  diffioult  to  determine  in  what  grade  a  particular  sheet  of  glass  shoulfl  belong,  and  for  this 
reason  it  is  not  Infrequent  that  a  lower  gtade  than  the  grade  specified  is  substituted.  This  is  espedally  true  in  the 
case  of  the  "AA**  grade. 

m 

186.  Cylinder  or  Window  Glass. — This  is  the  common  commercial  "window  glass.''  It 
is  more  or  less  wavy  in  appearance,  usually  has  a  slight  bulge,  and  varies  widely  in  composition 
and  quality. 

185a.  Manufacture. — It  is  made  by  blowing  the  molten  glass  into  a  cylindrical 
shape  and  then  cutting,  heating,  flattening  out,  and  annealing.  Formerly  all  glass  of  this  type 
was  hand  made,  but  during  recent  years  machine  methods  have  been  perfected  and  the  hand- 
made glass  has  largely  been  supplanted.  The  machine-made  glass  is  the  usual  commercial 
"window  glass." 

1856.  Sizes. — Cylinder  glass  is  made  in  two  principal  weights  or  thicknesses — 
single  strength  and  davble  strength.  Cylinder  glass  heavier  than  ' 'double  strength"  is  known  as 
crystal  sheet  glass, 

"  Double  Strength  "  glass  may  be  obtained  in  as  large  sixes  as  30  X  00  in.,  38  X  86  in.,  48  X  80  in.,  and  even 
in  extreme  sises  containing  25  sq.  ft.     Sises  larger  than  40  X  48  in.,  however,  are  not  recommended  for  use. 

"Single  Strength"  glass  can  be  made  in  sises  up  to  24  X  60  in.,  30  X  54  in.,  36  X  60  in.,  and  even  to  sises  con- 
taining 12^  sq.  ft.     Sises  larger  than  24  X  30  in.,  however,  are  not  recommended  to  be  used. 

185c.  Grades.— Each  of  the  thicknesses  or  strengths  of  cyhnder  glass  is  marketed 
in  three  grades:  **  AA, "  "  A, "  and  "  B. "  The  jobbers'  stocks  usually  consist  principally  of  the 
"A"  and  "B"  grades,  the  "A"  grade  containing  all  glass  better  than  "B. " 

While  it  is  not  possible  to  give  in  absolute  detail  the  defects  allowable  in  the  various  grades 
of  glass,  the  following  description,  published  in  1916  by  the  National  Glass  Distributers  Associa- 
tion will  aid  in  determinii^  the  quality: 

**  AA  "  or  PirH  Quality. — "  AA  "  quality  should  be  clear  glass,  free  from  any  perceptible  amount  of  air  bubbles 
or  blisterB*  burnt  specks  or  bums,  cords  and  strings.  It  should  have,  a  good  gloss  and  an  even  surface,  and  be  well 
flattened.  By  air  bubbles  it  is  understood  that  tiny  bubbles,  or  imperfections  not  perceptible  on  the  -cutters' 
table,  but  detectable  when  placing  the  sheet  directly  towards  the  light,  would  not  be  objectionable.  This  should 
be  a  careful  selection  in  both  single  and  double,  and  should  represent  the  best  that  can  be  produced  in  window 
^ass  by  the  present  methods. 

This  grade  of  glass  is  largely  used  in  connection  with  framing  pictures.  It  is  frequently 
difficult  to  obtain  in  sufficiently  large  quantities  for  general  glazing  purposes  and  for  this  reason 
should  be  sparingly  and  specifically  called  for. 
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il"  or  Second  Qualiiy. — "A"  glass  is  the  normal  selection  of  glass  when  no  special  selection  is  desired  or 
specified,  and  it  admits  of  such  defects  as  small  strings  or  lines,  or  small  blisters  when  not  too  close  to  one  another 
or  located  in  the  center  of  the  sheet.  The  glass  should  be  well  flattened,  t^e  surface  even,  and  devoid  of  notice 
able  scratches,  cropper  marks,  burns,  and  other  prominent  defects. 

The  production  of  glass  which  grades  to  this  sorting  is  sufficiently  large  to  meet  the  general 
demands  for  glazing,  and  is  suitable  for  building  requirements  where  a  good  grade  of  cylinder 
glass  is  wanted. 

**^"  or  Third  Quality.— -"B'*  glass  covers  a  wider  range  than  either  "AA"  or  "A"  quality.  It  permits  of 
many  of  the  defects  inherent  to  the  process  of  making,  such  as  waves,  strings,  lines,  blisters,  scratches,  burns, 
and  other  similar  or  equivalent  defects.  This  qiuJity  embraces  everything  below  "A"  quality,  not  stony  or  full  of 
Misters  or  other  large  defects  objectionable  for  any  common  purpose,  such  as  heavy  scratches,  heavy  blisters, 
cords  and  sulphur  stains. 

This  quality  of  glass  is  suitable  for  use  in  mills,  factories,  the  cheapest  class  of  residences, 
basements  of  buildings,  and  work  or  locations  of  a  similar  character. 
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186d.  Crystal  or  Special  Sheet  Glass. — This  is  a  blown  cylinder  glass  similar 
to  the  '^double  strength''  glass  but  thicker.  It  is  not  to  be  confused  with  "crystal  plate'' 
glass.  ''  Crystal  sheet"  glass  is  designed  for  use  where  a  stronger  or  larger  size  is  required  than 
is  recommended  with  ''double  strength"  and  where  a  less  expensive  glass  than  plate  glass  is 
desired. 

"  Crystal  sheet"  glass  is  graded  as  "first, "  "second, "  and  "  third  "  quality  by  the  same  rules 
as  cylinder  glass,  and  can  be  obtained  in  26,  29,  34,  and  39  oz.  weight  per  sq.  ft. 

WlSIGHTB  AND   THICKNESSES   OF   CYLINDER   GlASS 

Kind  of  glaas  Weight  per  sq.  ft.  Average  thieknesB 

(ounces)  (inches) 

Single  Strength 14  to  16 H« 

Double  Strength 19  to  21 H 

Crystal  26  oi 25  to  27 3{i 

Crystel  29  o« 29  to  31 H* 

Cn^tel  34  o« 33  to  36 H« 

Crystal  39  os 37  to  39 H« 

186.  Polished  Plate  Glass. 

186a.  Manufacture. — The  raw  materials  from  which  plate  glass  is  made  are 
virtually  the  same  as  used  for  cylinder  glass,  but  the  method  of  manufacture  is  entirely  different 
and  greater  care  is  taken  in  the  selection  and  purification  of  the  ingredients. 

The  various  ingredients  are  melted  in  a  large  earthenware  pot,  are  then  poured  on  a  flat 
iron  table  and  a  heavy  iron  roller  quickly  passed  over  it,  leaving  a  plate  of  glass  of  the  required 
thickness.  This  plate  is  then  annealed  and  forms  what  is  known  as  rough  pUUe  glass.  It  is 
unevenly  fire  polished  on  one  side  and  rough  on  the  other.  In  this  form  it  is  sometimes  used 
for  vault  and  floor  lights,  skylights,  etc. 

Rough  rolled  or  half  polished  pUUe  is  rough  plate  ground  and  polished  on  the  smooth  or  fire 
polished  side  only. 

For  polisbed  plate  glass  the  rough  plate  is  secured  to  a  revolving  table  and  the  surface  of  the  glass  ground  down 
with  fine  sand  and  rollers.  After  the  grinding  has  been  completed  the  plate  is  removed  to  another  table  where  by 
means  of  felt  blocks  and  rouge  or  iron  peroxide  the  surface  of  the  glass  is  polished. 

During  the  grinding  and  polishing  the  rough  plate  loses  from  40  to  50%  in  weight  and  the  method  of  manufac- 
ture is  such  that  there  is  usually  a  slight  variation  in  the  thickness  of  the  finished  sheets,  especially  in  the  large 
OSes. 

1866.  Grading. — While  no  generally  accepted  standards  have  been  establishied 
to  determine  the  dividing  line  between  the  various  grades  of  plate  glass,  the  manufacturer  grades 
and  lists  his  stock  as  follows:  (1)  First  silvering,  (2)  second  silvering,  (3)  selected  glazing, 
(4)  glazing,  (5)  second  glazing,  and  (6)  skylight. 

The  silvering  qualities  are  as  nearly  perfect  as  it  is  practical  to  manufacture,  and  are  used 
for  making  the  best  class  of  mirrors.  The  selected  glazing  quality  is  almost  free  from  blemishes 
and  is  used  for  special  windows,  glazing  in  high  class  residences,  show  cases,  and  sometimes  for 
mirrors.  The  glazing  quality  may  contain  a  few  small  bubbles,  fine  scratches,  etc.,  not  however 
in  suflicient  quantity  to  impair  its  durability  or  value  for  ordinary  use.  This  is  the  usual 
commercial  grade  of  polished  plate  glass  used  for  glazing  show  windows,  sash,  doors,  etc.  The 
second  quality  glazing  permits  of  more  defects  than  the  glazing  quality  but  may  be  used  for 
unimportant  work.  The  skylight  quality  permits  the  inclusion  of  defects  that  would  preclude 
its  use  for  general  glazing  purposes. 

It  is  seldom  necMsary  to  specify  other  than  "glasing"  quality  of  polished  plate  glass  of  the  standard  thickness 
for  all  general  glasing  purposes,  and  "  silvering  "  quality  of  polished  plate  glass  and  thickness  for  all  mirrors.  French 
plate  gloss  mirrors,  except  small  hand  mirrors,  have  not  been  on  this  market  in  commercial  quantities  for  a  number 
of  years,  and  if  actually  required  would  in  all  probability  have  to  be  specially  imported. 

186c.  Size  and  Thickness. — Plate  glass  is  manufactured  in  extreme  sizes  up  to 
260  sq.  ft.  with  dimensions  such  as  the  following:  120  X  262  in.,  144  X  240  in.,  156  X  228 in. 
These  extreme  sizes,  however,  are  difficult  to  make,  are  expensive,  are  dangerous  to  handle,  and 
are  not  recommended  for  general  use. 
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Polished  plate  glass  can  be  obtained  in  the  following  thicknesses:  %,  ^e?  H  to  ^e^  %y 
Hf  Hi  Hi  14f  ^t  "^H,  '^H  in-  The  J^-in.  glass  is  known  as  crystal  plate  glass.  The  Ji  to  Jic-in. 
glass  is  the  standard  commercial  thickness  for  general  glazing  purposes. 

The  H  &nd  He-in.  glass  is  largely  used  for  residence  windows,  car  sash,  leaded  glass,  and  wherever  high  polish 
clear  vision,  and  minimum  weight  are  required.  They  are  manufactured  from  the  same  thickness  of  rough  plate 
as  the  standard  thickness  glass  and,  on  account  of  the  additional  cost  of  grinding  and  the  liability  of  breakage,  are 
more  expensive. 

Glass  thicker  than  the  standard  ^  to  Ms  in-  is  used  for  such  special  purposes  as  counter  tops,  shelves,  port 
and  deck  lights  on  ships,  aquariums,  etc.,  and,  if  thicker  than  ^  in.  usually  has  to  be  specially  manufactured. 

The  standard  H  to  Me*in.  glass  is  the  least  difficult  to  obtain  and  is  the  most  economical  to  use,  both  the 
thicker  and  thinner  glass  being  more  expensive. 

187.  Mirrors. 

187a.  Manufacture. — Mirrors  are  made  by  silvering  one  side  of  a  sheet  of  glass, 
and  not  only  is  a  good  silvering  process  necessary,  but  a  glass  of  the  wrong  composition  may  chem- 
ically change  so  as  to  react  on  the  silvering  and  ruin  the  mirror. 

1876.  Glass  for  Mirrors. — For  general  use,  only  the  best  grade  (silvering  quality) 
of  polished  plate  glass  should  be  used,  for,  after  silvering,  defects  are  magnified  and  accentuated. 
Cylinder  glass  is  used  in  the  manufacture  of  cheap  mirrors,  known  as  shock  mirrors,  but  the 
image  is  always  more  or  less  distorted  and  they  are  suitable  for  use  only  as  reflectors  of  light. 

187c.  Silvering. — ^There  are  two  processes  by  which  mirrors  may  be  made: 
the  patent-back  process  and  the  mercury-back  process. 

The  patent-back  process  is  the  method  employed  almost  entirely  today.  It  consists  in  the 
precipitation  of  a  film  of  nitrate  of  silver  on  the  surface  of  the  glass  and  protecting  this  film 
with  shellac  and  mirror-back  paint.  This  is  a  sloiy  and  expensive  method  and  the  larger  siee 
mirrors  are  difficult  to  set  without  damaging  the  backing.  The  mercury  backing  is  supposed 
to  be  permanent  and  while  the  patent  back  is  subject  to  deterioration  it  should  have  a  life  of 
not  less  than  10  or  12  yr. 

ISld,  Sizes. — The  size  of  a  mirror  is  limited  only  by  the  size  in  which  the  glass 
can  be  made,  but  extremely  large  sizes  of  glass  entirely  free  from  blemises  are  very  difficult  to 
obtain. 

188.  Rolled  or  Figured  Sheet  Glass. — This  is  a  translucent  or  obscured  glass  with  a  pattern 
or  design  imprinted  on  one  side.  It  is  largely  used  in  office  doors  and  partitions  and  wherever 
obstruction  of  view  and  diffusion  of  light  are  required.  The  more  broken  the  surface,  the  better 
will  the  glass  obstruct  the  view;  and  the  flatter  the  projections,  the  better  for  light  transmission. 
There  are  upward  of  50  different  patterns  manufactured,  such  as  ribbed^  Florentine,  maze, 
cchweb,  colonial,  etc.,  and  it  has  largely  supplanted  the  ordinary  ground  glass  on  account  of  its 
greater  cleanliness  and  better  light  diffusing  qualities. 

188a.  Manufacture. — Figured  sheet  glass  is  manufactured  by  casting  the  molten 
glass  upon  a  table  on  which  the  design  has  been  cut  and  then  immediately  rolling  to  the  required 
thickness  leaving  a  smooth  fire  polished  upper  surface. 

1886.  Sizes  and  Thicknesses. — The  usual  commercial  thickness  is  yi  in.  but 
certain  of  the  designs  are  also  made  Key  ^i  &nd  %  in.  thick.  It  is  cast  in  sheets  from  24  to  48 
in.  wide  and  8  to  10  ft.  long.'  All  the  designs,  however,  are  not  made  in  the  extremely  large 
sizes  or  in  the  heavier  weights.  A  few  of  the  designs,  owing  to  the  character  of  the  pattern, 
are  not  made  thinner  than  ^^m. 

189.  Wire  Glass. — Wire  glass  is  a  sheet  of  glass  in  the  body  of  which  is  embedded  a  wire 
mesh.  It  is  used  chiefly  on  account  of. its  fire  retarding  qualities,  and  the  fact  that,  when  the 
glass  is  cracked,  the  fragments  are  held  together  by  the  wire  makes  it  especially  suitable  for  sky- 
light glass  and  similar  uses. 

189a.  Manufacture. — There  are  three  methods  by  which  wire  glass  is  manu- 
factured. By  the  Shuman  process  a  sheet  of  glass  is  rolled  and  whUe  still  plastic,  the  wire 
netting  is  pressed  into  the  glass  and  the  surface  smoothed.  By  the  Appert  or  Schmertz  process 
a  thin  sheet  of  glass  is  first  rolled  and  upon  this  is  placed  the  wire  mesh,  at  the  same  time  pouring 
and  rolling  a  second  sheet  on  top  and  embedding  the  wire.     This  is  sometimes  called  the  sand- 
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tptch  process.     By  the  continuous  or  solid  process  the  wire  netting  is  mechanically  crimped  and 
placed  on  the  casting  table  and  the  glass  poured  and  rolled  over  it. 

1896.  Sizes  and  Thicknesses. — Wire  glass  is  made  in  sheets  as  wide  as  60  in.,  as 
long  as  130  in.,  and  in  3^,  ^q,  yi,  %y  in.  and  greater  thicknesses.  The  3^-in.  glass  is  the  stand- 
ard commercial  thickness  and  no  glass  of  less  thickness  is  accepted  under  the  rules  of  the  Nation- 
al Board  of  Fire  Underwriters.  The  thin  wire  glass  defeats  the  purpose  for  which  it  is  made  as 
there  is  not  sufficient  glass  surrounding  the  wire  to  hold  the  pieces  together  in  case  of  fracture. 

The  following  extract  is  taken  from  the  Rules  and  Regulations  of  the  National  Board  of 
Fire  Underwriters,  edition  of  1906. 

Thiekn«9»  o/GUu*. — Wire  glaos  to  hare  a  thicknen  of  at  least  H  ui«  i^t  the  thinnest  point. 

Site  of  Olatt. — The  unsupported  surface  of  the  ghus  allowed,  shall  be  governed  by  the  severity  of  exposure 
and  be  determined  in  each  case  by  the  Underwritera  having  jurisdiction,  but  in  no  case  shall  it  be  more  than  48  in. 
in  either  dimension  or  exceed  720  sq.  in. 

The  recommended  sizes  to  conform  with  the  above  requirements  are  15  x  48  in.,  18  x  40  in.» 
20  X  36  in.,  and  24  x  30  in.  There  are  also  regulations  governing  constructiofl  of  sash  and  frame, 
setting  of  glass,  depth  of  rebates  (^  in.),  bearing  of  glass  (^  in.),  etc. 

189c.  Kinds  of  Wire  Glass. — Wire  glass  is  made  with  the  following  kinds  of 
surface  treatment:  Rough,  ribbed,  figured,  semi-polished,  and  polished.  There  is  no  such  wire 
glass  as  plain  wire  glass  and  the  use  of  the  term  leads  to  confusion  as  to  whether  rough  or  polished 
glass  iB  intended. 

Rough  wire  glass  is  the  glass  just  as  it  comes  from  the  rollers.  It  is  rough  on  the  side  next 
to  the  casting  table  and  smoothly  fire  polished  on  the  top  surface. 

Ribbed  wire  glass  has  a  corrugated  or  grooved  surface  on  the  casting  table  side  and  is  smooth 
on  the  other  side. 

Figured  wire  glass  is  similar  to  the  above  except  that  it  has  a  figure  or  design  on  one 
side.  There  are  many  of  these  designs  from  which  choice  may  be  made,  among  the  more  com- 
mon of  which  are:  Maze,  Colonial,  Moss,  and  Romanesque. 

Semi-polished  or  rough-rolled  wire  glass  is  ground  and  polished  on  one  side  only.  It  permits  of  a  well-defined 
vision  up  to  a  distance  of  5  or  6  ft.,  and  is  sometimes  used  in  elevator  doors  and  where  perfect  transparency  is  not 
an  essential  requirement. 

Polished  wire  glass  bb  rough  wire  glass  after  having  both  sides  ground  and  polished.  This  glass  is  sometimes 
incorrectly  referred  to  as  polished  plate  wire  glass.  The  method  of  casting  the  glass  in  the  manufacture  of  wire 
glass  is  different  from  the  method  used  in  making  plate  glass  and  does  not  produce  a  sheet  as  free  from  bubbles 
as  the  latter  method.  While  the  more  perfect  sheets  of  rough  wire  glass  are  selected  for  polishing,  the  finished  prod- 
uct is  not  supposed  to  be  as  free  from  bubbles  and  minor  blemishes  as  polished  plate  glass. 

190.  Prism  Glass. — This  glass  has  horizontal  lines  of  prisms  on  one  face  and  is  smooth  on 
the  other.  These  prisms  change  the  direction  of  the  light  and  throw  it  back  into  the  room, 
thereby  materially  increasing  the  general  illiunination. 

The  usual  forms  in  which  this  glass  is  manufactured  are:  Sheet  prism,  prism  plate,  prism 
wire,  and  prism  tile. 

Sheet  priam  glass  is  made  in  sizes  up  to  60  in.  wide  x  138  in.  long;  thickness  up  to  42  in. 
bigh,  }i  in.,  and  over  42  in.  high,  Ke  in*  Prism  plate  glass  has  the  smooth  side  ground  and 
polished.  It  is  made  in  sheets  up  to  72  in.  high  x  82  in.  long.  Prism  wire  glass  is  designed  for 
use  where  deflection  of  the  light  and  fire  protection  are  both  required.  It  is  made  in  sizes 
up  to  42  in.  high  x  138  in.  long  and  is  %  in.  thick.  If  used  in  sizes,  etc.,  conforming  to  the  rules 
and  regulations  applying  to  other  wire  glass,  it  is  approved  by  the  Fire  Underwriters.  Prism 
tile  are  made  in  4  and  d^in.  squares,  are  set  in  hard  metal  glazing  bars,  either  zinc  finish  or  copper 
plated,  or  in  solid  copper  bars;  and  where  required  are  reinforced  with  steel  bars. 

These  prisms  are  made  in  a  large  variety  of  angles  and  in  order  to  insure  their  successful  use  the  depth  of  the 
room,  the  height  of  the  ceiling,  the  source  of  the  light,  etc.,  have  to  be  taken  into  consideration  in  selecting  the  pro- 
per angle  and  method  of  installation  to  be  used.  Borne  of  the  manufacturers  of  prism  glass  have  given  the 
subject  of  natural  illuminaUon  considerable  study,  much  of  which  has  been  published  in  booklet  and  even  hand- 
book form  to  nhich  the  users  of  this  material  are  referred  for  detailed  information. 
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191.  Sidewalk  Glass. — Sidewalk  lights  or  vault  lights  with  glass  set  in  reinforced  con- 
crete or  steel  frames  are  used  for  lighting  basements.  The  glass  lenses  are  made  in  various  sizes 
either  round  or  square  and  as  either  flat  pressed  units  or  drop  lenses  of  single  or  multiple  prisms 
according  to  the  distribution  of  light  required. 

192.  Chipping  and  Grinding. — These  are  surface  treatments  that  may  be  applied  to  any 
smooth  surfaced  glass.  It  is  necessary  therefore  to  clearly  call  for  the  kind  of  glass  to  which  the 
treatment  is  to  be  applied. 

192a.  Chipped  Glass. — ^This  surface  is  produced  by  coating  the  glass  with  hot 
oil  or  glue  and  gradually  heating  and  drying.  The  drying  glue  or  oil  slivers  off  the  glass  in 
various  forms,  no  two  flakes  being  identical,  but  with  a  unif6rm  general  effect. 

A  single  application  and  the  consequent  chipping  produces  what  is  known  as  tingh  proeet  chipped  gUut,  If 
the  glass  has  been  previously  sand  blasted,  lines  of  the  original  ground  surface  will  remain.  If  the  process  is  re- 
peated on  the  aame  side  of  the  glass,  all  trace  of  the  original  surface  disappears,  the  flakes  or  pattern  is  finer  and  the 
glass  is  known  as  dmtble  proceaa  chipped  glaaa. 

192&.  Ground  Glass. — Ground  or  sand  blasted  glass  has  a  milky  or  frosted  sur- 
face produced  by  subjecting  the  sheet  to  a  blast  of  flne  sand. 

A  ground  surface  is  easily  soiled  or  marked  with  pencil  or  chalk  and  is  very  difficult  to 
clean.  While  it  obscures  vision,  it  does  not  give  as  good  light  transmission  and  diffusion  as 
some  of  the  figured  patterns  of  sheet  glass.  When  the  ground  glass  effect  is  desired,  a  more 
satisfactory  result  may  be  obtained  by  the  use  of  either  acid  ground  glass  or  opal  finished  glass. 

192c.  Acid  Ground  Glass. — This  is  similar  in  appearance  to  the  ordinary  ground 
glass,  but  it  has  a  much  finer  and  more  delicate  caste,  a  smoother  surface  and  is  more  easily 
cleaned.  This  surface  is  produced  by  treating  the  ^ass  with  hydrofloric  acid,  rendering  it 
semi-obscure  or  complete  obscure  as  may  be  desired. 

193.  Colored  Glass. — Colored  glass  is  produced  by  introducing  various  substances  into 
the  molten  glass  and  the  cost  of  the  glass  is  largely  determined  by  the  cost  of  the  coloring  ma- 
terial required  to  be  used.  Almost  any  desired  shade  or  combination  of  colors  may  be  obtained 
by  the  use  of  opalescent,  flashed  opal,  and  cathedral  glass. 

Figured  rolled  sheet  glass  and  single  and  double  strength  cylinder  glass  may  be  obtained  in 
standard  solid  colors  of  ruby,  green,  blue,  orange,  and  violet. 

193a.  Opal  Flashed  Glass. — Flashed  glass  is  made  by  blowing  a  thin  film  of 
colored  glass  on  the  surface  of  a  sheet  of  clear  glass.  It  can  be  obtained  in  sheets  as  large  as 
37  X  59  in.,  in  either  single  or  double  strength,  in  several  degrees  of  density,  and  in  either  white 
or  various  tints. 

1935.  Opalescent  or  Solid  Opal  Glass. — This  glass  is  made  in  both  smooth  and 
granite  surfaces,  in  white  and  various  tints,  and  is  cast  in  sheets  about  26  in.  wide  by  40  to  50 
in.  long.  It  is  similar  in  appearance  to  opal  flashed  glass,  but  as  the  coloring  matter  is  con- 
tained in  the  body  of  the  glass  it  is  considerably  more  opaque. 

193c.  Cathedral  Glass. — Cathedral  glass  is  made  with  either  a  hammered  or 
smooth  surface,  and  in  clear  and  a  variety  of  tints.  It  is  about  }4  in*  thick,  is  cast  in  sheets 
about  30  X  90  in.  and  is  one  of  the  cheapest  colored  glass  on  the  market.  It  is  largely  used  for 
leaded  glass  work. 

194.  Colored  Plate  or  Structural  Glass. — White  and  black  structural  glass,-  on  account  of 
its  nonporous,  nonstaining,  sanitary  and  easily  cleaned  surface,  is  used  for  counters,  shelves, 
wainscoting,  wall  coverings,  etc.  It  is  made  in  sheets  up  to  60  in.  wide,  100  in.  long  and  in  the 
following  thicknesses:  J^^,  ^i,  Kgj  M>  Jici  Ht  Ht  1>  1  Ji>  IK  in«>  and  in  natural,  honed,  and 
in  ground  and  polished  surfaces. 

Elastic  cement  should  always  be  used  for  setting  this  material  in  order  to  reduce  the  liability  of  cracks  caused 
by  the  settlement  of  the  building;  and,  where  metallic  supports  or  angles  are  used,  they  should  be  packed  and  care 
taken  in  tightening  bolts  not  to  break  the  glass  which  is  fragile  near  the  edge. 

196.  Glazing. — Glazing  is  sometimes  specified  under  Carpentry,  sometimes  under  Painting, 
and  sometimes  made  a  separate  section.     In  whatever  section  of  the  specifications  it  is  placed 
it  is  desirable  to  have  all  glass  under  the  one  heading  ''Glass  and  Glazing.'' 
64 
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i95a.  General  Notes. — All  rebates  in  wood  sash  or  doors  should  be  primed  before 
the  glass  is  set,  otherwise  the  wood  will  absorb  the  oil  from  the  putty.  All  glass  should  be 
accurately  cut  to  fit  the  rebates,  preferably  with  a  slight  play  and  especially  so  in  connection 
with  metal.     Rebates  should  be  of  proper  size  and  depth  (3^  in.  minimum)  to  receive  the 

glass. 

All  bending  of  curved  glass  is  done  at  the  factory  and  it  is  necessary  to  furnish  accurate  measurements,  profiles, 
etc.  AU  kinds  of  glass  may  be  bent  by  placing  the  fiat  sheet  on  a  mold  formed  to  the  shape  reqiured  and  heating 
sufficiently  to  allow  the  glass  to  soften  and  fall  to  the  shape  of  the  mold*  after  which  it  is  necessary  to  re-anneal  the 
glass. 

1966.  Setting  Glass. — Glass  is  secured  in  place  by  means  of  putty  or  glazing  beads 
or  molds.  When  set  in  wrought-iron  doors,  the  glass  is  sometimes  bedded  on  felt  or  rubber 
strips.  Sash  are  usually  puttied,  and  beads  or  molds  are  usually  used  (always  in  first-class 
work)  in  connection  with  doors,  glazed  partitions,  etc.  Sash  should  be  glazed  flat  and  putty 
allowed  time  to  harden  before  handling. 

Plate  glass  in  large  lights,  such  as  in  store  front  construction  should  be  supported  on  pads 
of  felt,  leather,  lead,  oakum,  or  soft  wood  blocks,  one  at  each  end,  and  the  glazing  beads  or 
molds,  especially  if  of  metal,  should  not  be  drawn  too  tight. 

In  setting  mirrors  care  should  be  taken  that  not  only  the  backs  of  the  mirrors  but  also  their  frames  or  supports 
are  protected  from  dampness.  If  set  in  small  lights,  as  in  French  doors,  especial  care  should  be  taken  to  have  the 
backs  of  the  rebates  all  in  a  true  plane,  otherwise  the  image  will  be  distorted.  To  avoid  this  possible  distortion  a 
large  mirror  is  sometimes  used  with  false  muntins  on  the  face.  If  broken,  however,  this  type  of  construction  is  very 
difficult  and  expensive  to  repair.  The  backs  of  all  molds  and  false  muntins  should  be  painted  black  to  prevent 
their  reflection  from  showing. 

Cylinder  or  common  window  glass  usually  has  a  slightly  bowed  surface  and  should  be  set  with  the  bowed  or 
convex  side  out.     This  not  only  increases  the  strength  of  the  glass  but  tends  to  lessen  the  distortion. 

Wire  glass  should  be  set  with  the  twist  of  the  wire  running  vertically. 

Figured  glass  in  office  doors  should  be  set  with  the  smooth  side  out  (toward  corridor)  to  allow  for  sign  painting, 
and  in  windows  with  the  rough  side  out  wherever  possible  as  the  light  transmission  is  better  with  the  rough  side 
toward  the  source  of  the  light.     This,  however,  does  not  necessarily  apply  to  the  scientifically  designed  prism  glan. 

196c.  Putty  and  Puttying. — Glass  in  window  sash  is  usually  secured  in  position 
by  means  of  small  triangular  pieces  of  metal — ^known  as  glaziers  points — spaced  from  6  to  10  in. 
apart,  and  then  covered  with  putty  so  as  to  fill  the  rebate.     This  is  known  as  face  puttying. 

Bedding  is  a  term  used  when  a  thin  layer  of  putty  is  spread  on  the  rebate  of  the  open  sash 
and  the  glass  pressed  in  the  putty  to  an  even  bearing. 

Back  puttying  consists  in  pointing  up  or  forcing  putty  into  those  portions  of  the  joint  be- 
tween the  inside  face  of  the  glass  and  the  rebate  where  the  glass  and  the  wood  have  not  made 
absolute  contact. 

In  the  best  work  glass  in  doors,  especially  in  outside  doors,  is  bedded  and  back  puttied  as  well  as  secured  with 
molds,  and  in  sash  is  bedded,  back  puttied  and  face  puttied.  Stock  sash  are  only  face  puttied  and  other  sash  will 
not  be  bedded  and  back  puttied  unless  specifically  called  for.  Figured  glass  if  set  with  the  rough  side  to  the  rebate 
is  not  usually  bedded  or  back  puttied  on  account  of  the  difficulty  in  removing  the  putty  from  the  ridges  and  dreprss- 
sions  on  the  glass. 

The  common  commercial  putty  generally  used  for  setting  glass,  where  no  particular  make  or  brand  is  called 
for,  is  frequently  of  very  poor  quality.  The  best  putty  is  made  from  pure  whiting,  linseed  oil,  and  about  10% 
of  white  lead  paste.  The  addition  of  more  white  lead  will  cause  the  putty  to  dry  too  hard  and  to  adhere  so  firmly  to 
the  rebate  as  to  make  re-glasing  very  difficult  without  damaging  the  muntins. 

196d.  Metal  Store  Front  Construction. — Plate  glass  in  show  windows,  store 
fronts,  etc.,  is  usually  set  in  metal  sash  bars,  sills,  division  bars,  etc.,  the  area  of  the  metal  or 
obstruction  of  view  being  reduced  to  a  mimmum.  There  are  several  standard  makes  of  all 
metal  store  front  construction  on  the  market  and  detailed  descriptions  and  full  size  drawings 
of  the  different  members  may  be  obtained  from  the  manufacturers.  The  best  types  secure  the 
glass  from  the  outside  by  means  of  a  metal  locking  or  clamping  member  and  provide  for  drainage, 
ventilation,  and  illumination  if  desired. 
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PAINT,  STAIN,  VARNISH,  AND  WHITEWASH 

By  M.  Y.  Seaton 

Paint  and  varnish,  while  often  thought  of  only  from  a  decorative  standpoint,  should  pri- 
marily be  considered  as  protective  materials.  This  office  is  performed  through  building  up 
successive  thin  surface  coats  or  layers  of  materials  that  have  distinct  properties  and  separate 
services  to  perform;  and  each  of  these  will  render  this  service  according  as  to  whether  or  not  it 
is  the  requisite  material  and  correctly  or  incorrectly  applied  to  a  proper  base.  The  function 
of  stains  is  more  decorative  than  protective,  being  used  under  paints  and  varnishes  to  bring  out 
color  or  graining. 

196.  Paint  as  a  Structural  Material. — Paints  perform  one  or  more  important  structural 
functions.  As  preservatives,  they  may  prevent  rusting  of  iron  or  steel,  or  may  exclude  damp- 
ness including  rot  in  wood.  As  reflectors  of  light  they  may  increase  the  useful  space  in  factories 
and  warehouses;  and  by  their  decorative  effect  they  make  possible  the  use  of  materials 
unsuited. 

197.  Test  for  Paints. — High  quality  in  paint  is  dependent  more  upon  physical  than  upon 
chemical  properties.  Chemical  analysis  can  detect  impurities,  such  as  excess  water  or  solu- 
ble sulphates,  but  gives  little  information  as  to  the  comparative  merits  of  a  variety  of  paints 
free  from  such  crude  faults. 

Physical  tests  for  paints  are  not  standardized,  nor  are  they  of  universal  application.  A 
service  test  under  given  conditions  is  the  most  valuable,  but  even  in  this  test,  care  must  be  taken 
to  insure  that  the  results  obtained  are  correctly  observed  and  interpreted.  The  method  of 
application  of  paint  is  also  of  vital  importance. 

A  gallon  of  good  paint  of  standard  qiuJity  should  cover  about  300  sq.  ft.  on  wood,  two  coiAta,  and  should  have  a 
life  of  about  4  yr.  Its  coldr  should  be  durable,  its  surface  should  be  neither  too  hard  nor  too  soft,  and  it  should 
weather  to  a  proper  surface  for  repainting. 

198.  Composition  of  Paints. — All  paints  consist  of  a  vehicle,  usually  an  oil  which  hardens 
to  a  jell  on  oxidation  by  air;  and  a  pigment,  or  body  of  coloring  matter,  carried  by  the  vehicle 
and  embedded  in  it  when  dry.  These  must  be  suited  to  one  another  and  to  the  use  to  which 
they  are  to  be  applied. 

199.  Properties  of  Paint  Films. — The  properties  of  the  hardened  paint  fihns  are  the  prop- 
erties of  a  jell  of  oxidized  or  dried  oil,  the  character  of  this  being  dependent  (1)  upon  the  oil 
used  and  conditions  attending  its  refining  and  heating  treatment,  (2)  upon  the  properties  of  the 
individual  pigments,  and  (3)  upon  the  pigment  mixtures  employed.  The  film  may  be  so  elastic 
that  it  can  be  stretched  some  50  %  before  breaking — an  outside  house  paint  beii^  typical — 
or  it  may  stretch  but  little  before  breaking,  and  yet  be  very  tough  and  hard — as  a  floor  paint, 
for  example.  The  pigment  portion  of  the  hardened  film  is,  with  few  exceptions,  quite  inert 
chemically,  at  least  to  such  outside  agents  as  ordinarily  are  met  with.  The  jell  of  hardened  oil, 
however,  is  fairly  active  chemically.  It  reacts  very  readily  with  any  alkaline  material,  as  well 
as  with  all  strong  acids.  Some  of  its  properties,  especially  its  color,  are  influenced  by  even  very 
dilute  industrial  fiunes.  It  frequently  reacts  slowly  with  water.  And  above  all,  the  reaction 
with  atmospheric  oxygen  does  not  stop  with  production  of  the  solid,  but  proceeds  more  or  less 
rapidly,  usually  with  the  formation  of  water-soluble  or  brittle  disintegration  products  and  even- 
tual destruction  of  the  film.  Fortunately,  this  final  result  is  ordinarily  not  reached  for  many 
years,  until  after  other  factors  have  led  to  renewal  of  the  paint. 

200.  Pigments. — The  solid  portion  of  any  paint,  to  which  it  owes  its  opacity  and  color,  is 
called  pigment.    Pigments  may  be  classified  as  white,  color,  and  transparent  or  inert. 

200a.  White  Lead  Pigments. — White  lead  is  a  name  applied  to  two  different 
pigments.  One,  the  basic  carbonate  of  lead,  is  the  old  Dutch  process  or  corroded  lead;  the 
other,  the  basic  sulphate,  is  a  fume  pigment,  closely  resembling  in  properties  the  older  material. 
Both  are  largely  used  in  exterior  paints;  white  lead  is  sometimes  used  alone,  and  sometimes  com- 
bined with  zinc  oxide  and  inert  pigment. 


i 


1012  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec.  7-2006 

Zinc  Oxide.-^Ziae  oxide,  made  from  metallic  sine  or  from  an  extremely  pure  ore,  contains  XMirticlea  the  average 
sise  of  which  is  leas  than  any  other  pigment — save,  perhaps,  some  lampblacks.  Combined  with  white  lead  it  is 
extremely  valuable  in  outside  paints,  but  it  should  not  be  used  alone.  It  is  widely  used  in  exterior  enamels  and 
flat  paints.  The  leaded  sines  have  properties  more  or  less  intermediate  between  those  of  sublimed  lead  and  sine 
oxide. 

LUhopone. — Lithopone  is  an  intimate  mixture  of  sine  sulphate  and  barium  sulphate,  formed  by  reaction  be- 
tween salts  of  the  two  metals;  it  has  Httle  durability  in  an  exterior  paint,  but  is  very  useful  in  factory  enameb  and 
Interior  wall  jMtints. 

200&.  Color  Pigments — Reds, — Iron  oicide,  of  varying  oxide  content  and  color, 
is  widely  used.  When  it  is  a  constituent  of  a  paint  used  on  steel|  freedom  from  a  large  amount 
of  sulphate  is  important. 

Red  Lead. — Two  varieties  of  red  lead  are  used  as  color  ingments,  one  particularly  pure  (PbiOi)  and  the  other 
containing  at  least  10  %  of  lead  monoxide.  The  former  can  be  kept  mixed  with  oil,  but  the  latter  should  only  be 
mixed  shortly  before  use.  There  is  much  discussion  regarding  the  comparative  merits  of  the  two  products,  but 
both  seem  to  have  ^ven  good  results  in  practice.  Red  lead  is  of  little  value  in  the  final  coat  of  paint  if  it  is  to  be 
exposed  to  weather.  Applied  to  iron  or  steel,  it  is  extremely  valuable  as  a  rust  preventative,  and  where  durability 
to  weather  is  required,  it  can  be  ivoteoted  by  a  ooat  of  another  paint. 

American  vermiUion  is  a  red  lead  on  which  an  organic  dye  is  precipitated.  It  has  the  valu- 
aole  rust-preventative  properties  of  red  lead.  Many  other  red  organic  dyes,  precipitated  on 
inert  bases,  are  used  under  the  name  of  para-reds. 

YeUow8. — Most  of  the  yellow  pigments  are  used  for  tinting  or  altering  the  color  of  other 
pigments,  and  are  without  special  interest  here.  They  are  either  natural  oxides  high  in  silica, 
or  artificial  chromates.  One,  zinc  chromate,  is  an  excellent  rust  inhibitive,  and  is  sometimes 
added  to  paints  used  on  iron  and  steel. 

Greens, — The  greens,  like  the  yellows,  are  largely  used  for  tinting.  They  are  usually  a 
mixture' of  blue  and  yellow  pigment. 

Blues. — Sublimed  blue  lead  is  a  fume  pigment,  high  in  lead  oxid^,  and  an  excellent  rust 
inhibitor.  It  is  valuable  in  metal  paints  of  all  kinds.  The  other  blues  are  largely  used  for 
tinting. 

Browns. — The  brown  pigments  are  usually  iron  oxides,  always  containing  silica,  and  some- 
times much  manganese.  Certain  ores  under  the  name  of  '' Princes  Metallic''  are  widely  used 
for  painting  metal  work. 

Blacks. — Graphite  is  perhaps  the  most  important  pigment  of  this  class.  It  is  used  in  large 
amounts  as  a  paint  for  ironwork,  preferably  over  a  first  coat  of  red  lead.  Graphite  makes  a 
paint  film  which  is  very  impermeable  and  excludes  water  and  gases  well.  As  a  second  coat,  it 
is  very  valuable.  It  should  be  mixed  with  an  inert  pigment,  preferably  silica.  Both  natural 
and  artificial  graphite  are  used,  the  natural  product  being  preferred. 

Lamp  and  carbon  blacks  are  soot  products.     They  should  not  be  applied  direct  to  metal  unless  an  inhibitive 
pigment  of  some  type  is  mixed  with  them. 

200c.  Inert  Pigments. — The  most  important  materials  in  this  class  are  barium 
sulphate,  both  natural  and  artificial;  china  clay;  a  magnesium  silicate,  usually  known  as  asbes- 
tine or  asbestine  pulp;  silica,  and  calcium  carbonate  or  whiting.  Their  particles  are  compara- 
tively large  and  they  impart  neither  color  nor  opacity  to  paint.  Their  use  is  largely  restricted 
to  ready  mixed  and  special  paints,  and  they  are  frequently  known  as  extenders.  Intelligently 
used  in  not  too  large  quantities  by  a  reputable  manufacturer  they  should  not  be  classed  as  adult- 
erants, as  they  are  frequently  valuable  in  modifying  the  physical  characteristics  of  the  paint 
film.  It  is  inadvisable,  however,  to  permit  their  use  in  connection  with  paints  mixed  by 
hand. 

201.  Paint  Vehicles. — ^Tho  liquid  portion  of  the  paint,  which  after  drying  furnishes  the 
binding  material,  is  called  the  vehicle.  The  usual  paint  contains  both  volatile  and  non-volatile 
liquids  in  its  vehicle  portion. 

201a.  Drjring  Oils. — These  are  all  compounds  of  glycerine  with  fatty  acids,  and 
on  exposure  to  the  air  absorb  oxygen  and  are  converted  into  solids.  Linseed  oil  is  most  widely 
used,  and  for  general  paints  for  exterior  exposure  is  probably  unexcelled.     China  wood  oil,  soy 
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hean  oilf  and  fish  oU  are  tileo  used,  almost  invariably  being  first  treated  by  varnish  making 
methods.  When  properly  used  by  the  manufacturers  of  special  purpose  paints  of  wide  variety, 
they  should  not  be  considered  as  substitutes  for  linseed  oil,  but  as  products  of  high  quality, 
having  properties  not  possessed  by  linseed  oil  itself. 

2016.  Thinners. — ^Turpentine  and  the  so-called  "turpentine  substitutes''  fall  in 
this  class.  In  the  hand  of  the  painter  or  consumer,  turpentine  is  the  safe  material  to  use.f 
Substitutes,  if  of  a  high  quality  and  free  from  non-volatile  petroleum  oils,  may  be  equally  satis- 
factory in  the  hands  of  a  manufacturer  who  has  made  a  special  study  of  their  use,  but  elsewhere 
they  should  generally  be  avoided,  the  principal  exception  being  the  use  of  160-deg.  benzol  in 
connection  with  the  priming  of  resinous  woods  and  for  thinning  paste  filler. 

801c.  Driers. — These  are  soluble  compounds  of  lead,  manganese  or  cobalt 
present  in  the  vehicle.  Their  function  is  to  accelerate  the  absorption  of  oxygen  and  conse- 
quently the  hardening  of  the  drying  oil.  Their  use  in  excess  hastens  the  final  disintegration 
of  the  paint  film. 

202.  Hand-mixed  Paint — ^The  principal  materials  used  for  making  hand-mixed  paints 
are  white  lead,  zinc  white,  linseed  oil,  turpentine,  and  a  small  amount  of  dryer.  The  so-called 
extenders,  turpentine  substitutes,  etc.,  have  no  place  in  connection  with  paints  of  this  nature. 

White  lead  may  be  used  either  alone  or  in  combination  with  sine  white.  Zinc  white  is  not  used  alone  except  in 
special  instances.  The  order  in  which  the  materials  should  be  mixed  is  important.  The  pastes  should  be  broken 
up  with  no  more  oil  than  is  necessary  and  the  sine  added  to  the  lead,  then  the  tinting  colors,  then  the  dryer,  then 
thd  rest  of  the  oil,  and  last  the  turpentine.     Each  ingredient  should  be  thoroughly  mixed  before  the  next  is  applied. 

Hand-mixed  paints  have  an  advantage  over  ready-mixed  paint  in  that  the  painter  can  vary  the  proportion  and 
materials  to  meet  the  actual  conditions  of  surface  and  finish.  In  the  hands  of  an  inexperienced  painter,  however, 
this  is  of  doubtful  value. 

203.  Ready-mixed  Paint — Ready-mixed  paint  should  be  of  reputable  manufacture  and 
delivered  in  sealed  containers.  It  usually  contains  both  lead  and  zinc  with  the  addition  of  not 
over  15  %  of  inert  pigments  or  extenders.  They  are  mixed  in  the  proper  proportions  for  the 
finishing  coats  and  therefore  require  some  modifications  or  manipulations  when  used  as  priming 
and  undercoats.     These  modifications,  however,  are  easily  made. 

Good  results  may  be  obtained  by  the  use  of  either  ready-mixed  paints  or  hand-mixed  paints,  but  in  the  hands  of 
an  inexperienced  painter  it  is  usually  safer  to  use  the  ready  prepared  material. 

Thorough  mixing  before  use  is  essential  in  connection  with  the  use  of  these  paints.  The  liquid  portion  should 
first  be  poured  off  and  the  remaining  contents  stirred  from  the  bottom  untU  of  uniform  consistency  and  the  liquid 
portion  then  replaced  and  stirred  in  thoroughly. 

204.  Special  Paints. — Special  conditions  frequently  call  for  paints  having  unusual  proper- 
ties. The  paint  manufacturer,  by  proper  treatment  of  the  drying  oils,  and  proper  pigment 
choice,  can  produce  an  almost  infinite  variety  of  products  which  will  answer  the  requirements 
of  each  particular  case. 

205.  Application  of  Paint — The  first  coat  of  paint,  known  as  the  priming  coat,  must  key 
to  the  substance  to  which  it  is  applied,  must  be  unaffected  by  any  substances  contained  in  that 
surface,  and  must  itself  afford  a  proper  surface  upon  which  to  apply  the  subsequent  coats. 

After  the  priming  coat,  the  base  or  intermediate  coats  are  applied  to  build  up  a  proper 
surface  upon  which  to  place  the  finishing  coats.  Their  composition  is  largely  determined  by 
the  exposure  and  nature  of  the  finishing  coat;  and  the  number  of  coats  by  the  color  and  character 
of  the  surface  to  which  they  are  applied. 

The  finishing  coat,  or  last  coat  applied,  is  the  surface  which  receives  all  wear.  It  is  therefore 
necessary  that  it  not  only  give  the  finished  appearance  desired,  but  also  that  it  be  able  to  with- 
stand atmospheric  and  other  conditions  of  use. 

The  priming  coat  should  be  well  worked  into  the  surface,  brushing  both  with  and  across  the  grain;  it  should  be 
brushed  out  thin  and  the  entire  surface  covered.  Each  coat  should  be  brushed  out  to  a  uniform  thin  film,  and  thor- 
oughly dry  before  the  next  coat  is  applied. 

In  some  circumstances,  dipping  and  spraying  are  preferable  to  brush  coats.  Paints  should  never  be  applied 
in  very  oold  weather  unless  absolutely  necessary  nor  under  any  circumstances  when  moisture  is  present  on  the 
surface. 
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206.  Painting  Concrete,  Stucco,  and  Plaster. — Painting  these  surfaces  is  perhaps  the  most 
difficult  paint  problem  encountered.  The  alkaline  materials  present  must  be  prevented  from 
acting  on  the  drying  oils  with  which  they  readily  saponify.  The  surface  is  also  porous  and  tends 
to  absorb  the  paint  vehicle  before  drying  can  occur,  and  moisture  is  very  likely  to  be  present. 

Painting  of  these  surfaces  should  be  done  only  in  dry  weather  and  if  possible  after  a  dry 
spell  of  a  week  or  so,  since  if  moisture  is  present,  it  will  cause  the  paint  to  peel.  Painting, 
however,  will  not  prevent  the  formation  of  efflorescence  unless  the  source  of  moisture  infiltration 
is  first  found  and  stopped. 

Free  lime  or  alkaline  material  from  such  surfaces  usually  disappear  after  about  2-yr. 
exposure  after  which  period  no  special  treatment  will  be  required  on  this  account.  If,  however, 
they  are  present  at  any  time  even  in  small  amount,  it  is  necessary  that  they  be  neutralized 
or  that  a  special  paint  unaffected  by  them  be  used.  There  are  a  niunber  of  excellent  paints 
especially  made  to  resist  alkaline  action  and  to  stop  suction  of  evaporation  which  may  be  used 
for  priming  coat;  and  on  the  practically  inert  surface  thus  formed  any  paint  suitable  for  the 
exposure  or  finish  desired  may  be  used. 

Unless  a  special  primer  is  used,  it  is  always  necessary  to  neutralize  any  possible  free  lime. 
ThLt  may  be  done  by  applying  with  a  whitewash  or  calcimine  brush,  a  solution  of  zinc  sulphate 
and  water,  about  5  or  6  lb.  of  the  sulphate  dissolved  in  a  gallon  of  water.  After  about  three 
days  of  drying,  the  priming  coat  may  be  applied. 

For  Biiing  inside  plaster  surfaces,  good  paint  containing  about  50%  of  varnish  should  be  used.  Varnish  sixe 
is  sometimes  used,  but  while  it  stops  suction  and  thereby  enables  the  painter  to  possibly  reduce  the  number  of  coats 
required  for  the  finish,  it  does  not  properly  key  to  the  surface  and  is  itself  glossy. 

If  a  ready-mixed  flat  coater  is  used,  one  quart  of  oil  should  be  mixed  to  the  gallon  of  paint  for  the  first  coat, 
unless  otherwise  stated  in  the  manufacturer's  directions. 

If  a  ready-mixed  paint  is  used,  IH  pints  of  turpentine  and  1  pint  of  linseed  oil  to  each  gallon  of  paint  should 
be  added  for  priming.     To  other  undercoats  1  pint  of  turpentine  should  be  added  to  each  gallon. 

If  hand-mixed  oil  paint  is  used,  a  good  result  may  be  obtained  by  the  use  of  70%  white  lead,  30%  sine  white, 
80  %  linseed  oil.  and  20  %  turpentine.  If  a  semi-flat  finish  is  desired  the  amount  of  oil  may  be  reduced  in  the  final 
coat. 

Each  ooat  should  be  allowed  at  least  3  dasrs  to  dry  and  no  painter  should  permit  himself  to  be  hurried  beyond 
the  point  of  absolute  safety  in  assuring  results. 

207.  Painting  Brickwork. — Brickwork  must  be  thoroughly  dry  before  attempting  to  paint. 
In  order  to  obtain  a  satisfactory  result  it  is  necessary  to  prevent  the  brick  from  absorbing  the  oil 
from  the  paint  before  it  has  an  opportunity  to  dry.  This  may  be  accomplished  by  first  applying 
two  coats  of  raw  linseed  oil  with  the  addition  of  one-half  pint  of  "oil  dryer"  per  gallon  to  the 
brick.  Liquid  dryers  and  Japans  are  not  suitable.  Full  coats  should  be  applied,  and  each  coat 
allowed  10  days  to  dry.  After  this  treatment,  the  finishing  coats  of  oil  paint  may  be  applied. 
These  may  be  similar  to  the  paint  used  for  soft  pine  woods. 

This  same  treatment  may  also  be  applied  to  old  stucco  or  rough  coat  plaster  surfaces. 

208.  Paints  for  Interior  Walls. — Illumination  is  so  largely  influenced  by  wall  color  that 
painting  factory  interiors  becomes  important,  entirely  aside  from  any  sanitary  or  decorative 
advantages  gsdned.  Cold  water  paints  are  sometimes  used,  but  except  in  isolated  cases,  are 
undesirable,  being  unsanitary,  easily  soiled,  and  eventually  flaking  from  the  surface.  Flat 
paints — ^that  is,  paints  drying  with  a  non-glossy  finish — are  desirable  in  residences  and  office 
buildings.  They  contain  lithopone  or  zinc  oxide,  with  inert  pigments,  mixed  usually  with  a 
vehicle  containing  china  wood  oil  and,  if  of  good  quality,  will  withstand  repeated  washing  with- 
out injury.  For  factories,  a  gloss  paint  is  preferred,  as  it  is  more  durable,  and  withstands 
cleaning  better.  Lithopone  is  almost  invariably  the  main  pigment  used  and  the  vehicle  is 
specially  prepared  so  that  the  paint  will  not  acquire  a  yellow  color  with  age,  or  on  exposure  to 
various  industrial  gases. 

209.  Paints  for  Steel. — Certain  pigments,  notably  sublimed  blue  lead,  red  lead,  zinc 
chromate,  black  iron  oxide,  and  a  special  pigment  resembling  Portland  cement  in  composition, 
possess  the  property  of  inhibiting  the  rusting  of  iron.  A  pigment  of  this  class  should  always 
be  present  in  the  first  coat  applied  to  steel  work.  Many  of  these  pigments  produce  paints  which 
have  little  durability  unless  protected  from  the  weather,  so  that  best  results  are  obtained  by 
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coveiing  this  first  coat  with  a  durable  paint,  which  need  not  contain  an  inhibitive  pigment. 
It  is  advantageous  to  have  this  second  paint  very  impermeable,  a  property  secured  by  pigment 
combination — graphite  being  particularly  effective — or  by  use  of  special  varnish  or  treated  oils 
in  the  vehicle.  The  properties  of  this  second  paint  may  also  be  modified  depending  upon  the  use 
to  which  the  painted  steel  is  to  be  put. 

210.  Painting  Galvanized  Iron. — Galvanized  iron  is,  on  account  of  the  character  of  its 
surface,  especially  when  new,  a  very  difficult  material  to  paint;  and  such  painting  should  not  be 
attempted  except  in  dry  and  moderately  warm  weather.  On  account  of  the  difficulties  to  be 
encountered,  there  have  been  placed  on  the  market  a  number  of  special  paints  foruseongalva' 
nized  iron,  some  of  which  have  given  very  good  results. 

If  galvanised  iron  is  allowed  to  weather  for  a  year  before  painting,  ordinary  oil  paints  may  be  used,  but  if  new, 
the  surface  must  be  speoially  treated  to  enable  the  paint  to  adhere.  To  this  end  it  bb  sometimes  washed  with 
dilute  nitric  or  muriatic  acid  and  wiped  oflF  with  bensine. '  This  acid  treatment,  however,  is  likely  to  cause  rust; 
and  a  more  satisfactory  method  is  to  brush  the  surface  with  a  solution  of  6  os.  of  acetate  of  copper  to  a  gallon  o| 
water,  allowing  this  to  dry.  After  the  copper  acetate  has  remained  on  the  surface  for  24  hr.  it  will  remove  all 
grease  or  other  subetanoes  that  would  interfere  with  the  proper  painting,  and  produce  a  blackened  and  somewhat 
stippled  surface  to  which  paint  will  readily  adhere.  If  desired,  copper  chloride  or  copper  sulphate  may  be  used  in 
place  of  oopper  acetate. 

After  treatment  as  above,  the  galvanised  iron  may  be  painted  with  ordinary  oil  paint,  mixing  with  the  first 
coat  about  one  quart  of  turpentine  to  the  gallon  of  paint.  It  is  better,  however,  after  treating  the  surface,  to  apply 
a  coat  of  pure  red  lead  paint,  mixed  with  about  50  %  linseed  oil  and  50  %  turpentine;  and  over  this,  not  lees  than  two 
coats  of  lead  and  <ril  paint. 

211.  Painting  Copper. — Copper  is  not  usually  painted.  If,  however,  a  painted  effect  is 
required,  the  surface  should  be  cleaned  with  benzol  and  an  elastic  paint  used.  For  the  first 
coat,  if  ready-mixed  paint  is  used,  one  quart  of  turpentine  and  one-half  pint  of  exterior  varnish 
should  be  added  to  the  gallon  of  paint;  and  to  the  second  coat  one-half  pint  of  the  varnish  but 
no  turpentine.     Red  lead  paint  may  also  be  used  for  the  first  coat,  as  in  painting  galvanized  iron. 

212.  Stain. — ^The  function  of  wood  stains  is  to  change  or  modify  the  color  and  bring  out  the 
grain  and  texture  of  the  wood.  They  are  known  as  oil  stains,  water  or  acid  stains,  spirit  stains, 
and  chemical  stains,  according  to  the  vehicle  employed. 

212a.  Oil  Stain. — Oil  stain  is  not  necessarily  a  stain  in  which  the  vehicle  is  en- 
tirely oil.  It  may  contain  oil  only  as  a  binder,  or  may  be  composed  wholly  of  solvents  of  oiL 
If  composed  only  of  oil,  it  is  practically  a  paint,  will  not  penetrate  the  wood  to  a  sufficient  depth, 
and  will  cloud  or  obscure,  the  grain,  giving  a  muddy  effect. 

These  stains,  however,  are  easy  to  apply,  do  not  raise  the  grain  of  the  wood,  and  are  largely 
used  in  connection  with  the  resinous  woods  such  as  yellow  pine,  and  also  for  staining  exterior 
woodwork.  They  are  applied  with  a  brush  and  should  be  wiped  off  to  prevent  obscuring  the 
grain.  In  staining  such  woods  as  yellow  pine,  it  is  best  to  apply  a  thin  coat  of  linseed  oil  and 
about  10  %  turpentine  before  staining.  In  woods  of  this  class,  there  is  a  marked  difference  be- 
tween the  absorption  in  connection  with  the  heart  or  harder  portions  and  the  sap  or  softer  por- 
tions, and  if  the  stain  is  applied  without  previous  treatment  there  will  be  too  much  contrast 
between  the  hard  and  soft  portions.  The  coat  of  oil  tends  to  equalize  these  surfaces  and  gives 
a  more  uniform  surface  on  which  to  apply  the  stain. 

For  staining  exterior  woodwork  such  as  half-timber  work,  exposed  rafters,  etc.,  and  where  no  finish  other  than 
stain  is  desired,  there  are  several  good  proprietary,  protective  stains  on  the  market.  Good  resxilts  cazfalso  be  ob- 
tained by  the  use  of  a  stain  composed  of  about  40%,  100-deg.  bensole,  60%  raw  linseed  oil,  and  ground  color  in  oil 
as  required.  After  staining,  a  coat  of  raw  linseed  oil  and  10  %  turpentine  should  be  applied.  In  the  best  work, 
two  coats  of  oil  are  applied.  If  a  very  dark  effect  is  required,  it  is  better  to  use  two  coats  of  stain,  as  if  only  a 
single  heavy  coat  is  used,  it  will  obscure  the  grain  and  the  effect  will  be  rather  that  of  paint  than  of  stain.  For 
the  silver  gray  shade,  and  light  colors,  only  one  coat  of  stain  will  be  required.  These  stains  may  also  be  used  for 
dipping  Bh*"g*^  but  ready-mixed  preservative  stains  are  more  generally  used. 

2126.  Water  and  Spirit  Stains. — These  stains  are  solutions  of  dyes;  and  if  made 
of  analine  dyes  are  likely  to  fade,  so  that  an  acid  is  sometimes  added  to  prevent  this  tendency. 
They  are  clear,  penetrate  deeply,  and  do  not  obscure  the  grain  of  wood. 

In  water  stains,  the  vehicle  is  water  sometimes  acidified,  and  in  spirit  stains  the  vehicle 
is  alcohol. 
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Water  stains  ipve  most  satisfactory  restdts  in  bringing  out  the  natural  beauty  of  the  wood,  but  haves  toidency 
to  raise  the  grain.  In  order  to  correct  this,  open  grain  woods,  such  as  oak,  should  be  first  sponged  with  water,  al- 
lowed to  dry,  and  then  sandpapered.  The  stain  may  then  be  applied  without  further  raising  the  grain.  If  the 
stain  is  applied  without  first  sponging  the  wood,  and  the  surface  is  then  sandpapered  smooth,  too  much  of  the 
stain  will  be  removed. 

Sponging  with  water  before  staining  is  not  necessary  in  connection  with  close  grain  woods,  such  as  birch,  white 
pine,  etc. 

212c.  Chemical  Stains. — These  change  the  color  of  the  wood  through  chemical 
action  and  not  through  coloring  matter  contained  in  a  vehicle.  They  are  adapted  for  use  only 
in  connection  with  certain  woods  principally  oak,  chestnut,  and  ash,  and  are  composed  of  various 
chemicals  usually  mixed  with  water  with  sometimes  the  addition  of  a  little  ammonia. 

Among  the  more  commonly  used  materials  are:  Iron  salts,  in  various  acidulated  forms,  producing  a  dark 
brown  color;  Potassium  and  Sodium  Bichromate,  producing  various  shades  of  brown  and  red;  and  Copperas,  to- 
gether with  Zinc-sulphate,  producing  green  and  various  weathered  effects.  Chemical  stains  are  economically 
prepared  but  their  use  should  not  be  attempted  except  in  the  hands  of  an  experienced  jMunter.  Artistic  weathered 
effects  may  be  obtained  by  the  use  of  these  stains  without  either  filler  or  varnish  by  merely  wiping  the  stained 
surface  with  a  liquid  wax. 

213.  Fillers. — ^Liquid  fillers  are  varnishes  of  low  viscosity,  usually  containing  finely  divided, 
transparent,  or  translucent  solid  matters.  They  are  also  sometimes  colored,  and  are  used 
chiefly  as  first  coats  on  pine  and  other  close  grain  woods.  These  fillers  are  usually  applied  as  a 
varnish  and  allowed  to  remain  without  rubbing  off.  They  have  a  tendency  to  discolor  the  wood, 
do  not  alwa3rs  dry  out  entirely,  and  are  used  rather  for  cheapness  than  for  quality.  A  coat  of 
good  varnish  will  usually  give  a  more  satisfactory  result. 

Paste  fillers  are  used  for  filling  open-grain  woods  such  as  cheetnut,  oak,  etc.  These  fillera  consist  of  a  finely 
powdered  mineral  substance  ground  to  a  paste  in  a  special  type  of  varnish.  This  paste  is  thinned  with  turpentine 
or  benzol,  is  brushed  on  the  surface,  and  wiped  off  after  it  has  set  but  before  it  has  hardened.  The  wiping  off 
should  be  carefully  done  across  the  grain  so  as  to  only  remove  the  filler  from  the  surface  and  not  from  the  grain. 
These  fillers  may  be  obtained  colorless,  or  in  various  tints  or  colors.  The  colorless  filler  can  be  mixed  with  various 
colors  ground  in  oil  to  obtain  the  desired  effect. 

Paste  fillers  are  not  generally  used  for  exterior  work  on  account  of  the  weather  loosening  the  filler  in  the  grain 
and  thereby  destroying  the  surface  finish.  Their  use  is  becoming  less  for  interior  work  also,  as  the  modem  tendency 
is  to  emphasise  the  effect  to  be  obtained  through  the  use  of  open-grained  woods. 

214.  Varnish. — ''Varnish  is  a  liquid  not  containing  suspended  matter  (pigment)  used  for 
decoration  or  protection  and  capable  of  being  spread  in  a  thin  homogeneous  fibn  which  will  dry 
to  a  hard  coating.''  It  is  roughly  classified  as  spirit  varnish  and  oil  varnish  according  to  the 
vehicle  used.  Spirit  varnishes  contain  only  resin,  shellac,  or  similar  substances,  and  a  volatile 
solvent,  usually  alcohol  or  turpentine;  oil  varnishes  contain  in  addition  to  the  resin,  etc.,  a 
fixed  or  fatty  oil.  The  oil  varnishes  are  the  more  important  class  and  embrace  nimierous  types, 
such  as  spar  varnish,  exterior  varnish,  interior  varnish,  floor  varnish,  rubbing  varnish,  etc. 
Based  upon  the  relative  amount  of  gum  and  oil  used  in  oil  varnishes  they  are  known  as  short 
oil,  and  long  oil  varnish. 

In  short  oU  vamisheSf  hardness,  luster,  susceptibility  to  high  polish,  and  quick  drying  are 
more  essential  qualities  than  durability.  They  include  such  varnishes  as  furniture,  rubbing,  and 
polishing  varnish.  Medium  oU  varnishes  include  the  usual  architectural  varnishes.  In  these, 
hardness,  luster,  and  a  fair  degree  of  durability  are  the  most  desirable  qualifications.  In  long 
oil  vamisheSy  durability  is  the  principal  quality  desired,  and  they  are  intended  primarily  for 
exterior  use.  The  short  oil  varnishes  are  hard;  the  medium  varnishes,  moderately  hard;  and 
long  oil  varnishes  elastic.  By  blending,  almost  any  degree  of  hardness  and  elasticity  may  be 
obtained. 

The  principal  raw  materials  used  in  the  manufacture  of  varnish  are  fatty  oil  (linseed  oil  and  turpentine)* 
volatile  thinners  (turpentine,  mineral  spirits,  and  alcohol),  metallic  dryers  (metallic  compounds  of  lead  and  man- 
ganeee),  and  resin  (copals,  including  "fossil"  gums,  Dammar  resin,  and  shellac). 

Oil  varnishes,  without  resin,  are  made  for  special  uses  not  generally  connected  with  building  construction. 

Architectural  oil  varnishes  contain  resin  or  gum  in  some  form  as  an  important  constituent.  The  resin  is  heated 
until  completely  melted  and  the  previously  heated  oil  is  then  added.  The  dryers  are  added  either  separately  or 
incorporated  in  the  oil  and  the  mixture  heated  until  it  is  judged  ready  to  be  cooled,  thinned,  and  stored.  Hardness 
is  usually  obtained  by  increasing  the  amount  of  resin,  and  elasticity  by  decreasing  the  resin. 
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The  detaUfl  of  manufacture  vaiy  in  oonneotion  with  the  different  grades  and  kinds  of  varnish  and  among  differ- 
ent manufacturers  in  the  making  of  the  same  kind  and  grade  of  varnish.  Oil  varnish  is  not  a  mere  mechanical  mix- 
ture of  the  various  raw  materials.  Chemical  changes  take  place  in  both  the  oil  and  the  resin ;  and  it  is  possible, 
by  varsring  the  methods  of  manufacture,  to  produce  varnishes  of  radically  different  properties  from  the  same  kinds 
of  raw  materials. 

FlaU«nxno  or  fial^ftmUh  vamUhf  are  of  special  and  often  complex  manufacture' and  frequently  contain  wax  or 
a  small  amount  of  pigment.  Some,  however,  are  produced  by  the  use  of  tung  oil  not  heated  sufficiently  to  prevent 
it  from  drying  flat. 

The  principal  spirit  varnishes  used  in  connection  with  building  are  Dammar  varnish  and  shellac  varnish. 
Dammar  vamUh  is  made  by  treating  dammar  resin  with  turpentine,  or  light  mineral  oil,  usually  in  the  proportion 
of  5  or  6  lb.  of  resin  to  1  gal.  of  solvent.  The  resin  is  not  entirely  dissolved  and  the  commercial  varnish  shows  some 
turbidity,  or  doudinees.  Shdlae  vamiah  is  made  by  dissolving  white  or  orange  shellac  in  alcohol.  Either  wood 
or  a  grain  alcohel  may  be  used,  but  on  account  of  the  disagreeable  odor  and  danger  of  poisoning  attending  its  use, 
wood  alcohol  is  seldom  used  alone  and  the  use  of  grain  alcohol  is  usually  made  a  requirement  in  connection  with  the 
manufacture  of  shellac  varnish.  A  usual  proportion  for  a  rather  heavy  body  varnish  is  5  lb.  of  shellac  to  the  gallon 
of  aloohoL     This  may  be  thinned  to  whatever  consistency  is  required  in  connection  with  its  intended  use. 

Shellac  varnish  finds  a  large  use  as  an  imderooating  or  first  coat  in  connection  with  varnish  and  wax  finish. 
Applied  in  a  thin  coat  it  is  easily  rubbed  with  steel  wool  to  a  duU  smooth  surface.  It  should  not  be  used  in  connect 
tion  with  exterior  work  as  it  has  poor  resistance  to  atmospheric  conditions. 

Shellac,  either  orange  or  white,  is  sometimes  used  for  a  finish  alone.  It  gives  a  very  pleasing  finish  without 
much  lusto*  but  requires  more  coats  than  oil  varnish,  is  easily  worn  down,  injured  or  defaced,  and  turns  perman- 
ently white  from  contact  with  water. 

Arehiteetvral  vamiahea  are  designed  especially  for  use  in  the  decoration  and  protection  of  the  exterior  and 
interior  woodwork  of  building. 

Exterior  vamUhea  have,  as  a  prime  requisite,  ability  to  resist  exposure.  They  should  be  elastic,  resist  abra- 
sion, moisture,  light,  and  heat,  or  sun  and  cold.  Spar  varnishes  were  originally  designed  to  protect  the  spars  of 
ships  but  the  term  is  now  sometimes  applied  to  a  class  of  tough  elastic  interior  varnishes  as  well  as  a  varnish  for 
exterior  use.  Spar  varnish  should  dry  slowly,  should  have  a  moderate  luster,  remain  elastic,  and  be  resistant  to 
water. 

Marine  tamiahea  are  designed  to  resist  salt  or  fresh  water  and  marine  atmosphere. 

Coach  vamiah  was  originally  a  high  gloss  varnish  for  finishing  carriages,  railway  coaches,  ete.,  and  the  term 
"No.  1  Coach"  indicated  the  best  quality.     No.  1  Coach  varnish  has  at  the  present  time  no  definite  meaning. 

Interior  vamiahea  for  general  interior  finish  should  be  of  fair  body,  moderately  rapid  in  drying,  fairly  light  in  color, 
of  moderate  hardness,  unaffected  by  occasional  moisture,  and  of  permanent  luster.  The  best  grades  will  not  turn 
white  on  exposure  to  water.  They  are  not  expected  to  possess  the  same  resistance  as  can  be  obtained  in  exterior 
varniiBh.  Varied  and  diverse  effects  and  surfaces  are  required  of  them  and  the  choice  of  the  interior  varnish  to  use 
largely  depends  on  the  particular  surface  finish  desired. 

Hcird  oil  finiah  was  originally  a  finish  obtained  by  rubbing  the  wood  with  a  number  of  successive  coats  of  Un- 
seed oil.  As  applied  to  varnish  the  term  today  is  meaningless  and  does  not  denote  quality,  many  manufacturers 
listing  a  cheap  grade  (rf  varnish  as  hard  oil  finish. 

Rubbing  vamiah  is  a  varnish  capable  of  being  abraded  with  pumice  stone,  and  polished.  It  must  be  hard, 
comparatively  brittle,  must  not  soften  with  heat  generated  by  friction,  nor  be  affected  by  the  water  or  oil 
used  in  the  process  and  must  be  capable  of  receiving  a  high  polish. 

PoLiahino  vamiah  is  similar  to  rubbing  varnish  but  is  capable  of  receiving  and  retaining  a  high  polish. 

Flat  vamiah  dries  to  a  dull  or  semi-gloss  finish  and  is  used  primarily  to  get  the  effect  of  rubbed  work  at  a  oon- 
floderable  lees  expenset.  Ordinarily  interior  varnish  may  be  flattened  by  an  addition  of  turpentine  and  paraffin 
but  the  life  of  the  finish  is  thereby  materially  lessened.  Many  of  the  ready  prepared  flat  varnishes  contain  wax  and 
when  med  it  should  be  with  the  fact  borne  in  mind  that  wax  is  the  only  material  with  which  they  can  be  refinished, 
neither  varnish  nor  paint  adhering  to  a  waxed  surface. 

Floor  vamiah  should  be  elastic,  should  dry  over  night,  and  be  ready  for  use  in  48  hr.  It  should  be  tough 
and  resistant  to  shook  or  abrasion,  and  not  affected  by  moderate  contact  with  moisture.  Shellac  is  sometimes  used 
as  a  floor  varnish,  but  it  is  brittle,  turns  white  on  contact  with  water  and  has  poor  wearing  qualities. 

Teste  for  Vamiah. — The  testing  of  oil  varnishes  by  analjrsis  is  not  an  entirely  satisfactory  way  in  which  to 
judge  quality.  The  present  methods  of  analysis  are  not  adequate  to  determine  the  relative  amounts  of  the  different 
gums  nor  to  separate  the  tung  oil  and  linseed  oU.  Moreover,  the  method  of  manufacttire  is  to  a  large  extent  respon- 
sible for  the  quality  of  different  varnishes  even  though  composed  of  the  same  raw  materiaL 

A  practical  test  for  the  physical  qualities  of  varnish  may  be  easily  made.  The  color  and  flowing  qualities  may 
be  noted  from  the  sample.  A  coat  of  the  varnish  should  then  be  applied  to  a  dull  black  wood  or  metal  panel,  and 
the  time  noted  that  is  required  for  it  to  dry  hard.  After  two  or  three  days  it  should  be  tested  with  steel  wool  or 
pumioe  stone  for  its  rubbing  qualities.  After  this  coat  is  thoroughly  dry  a  second  coat  of  varnish  should  be  applied 
snd  the  luster  noted.  The  wood  or  metal  panel  should  then  be  placed  in  running  water  over  night  and  later  exposed 
to  a  stream  of  hot  water,  noting  the  effects.  For  elasticity,  a  sheet  of  glass  should  be  ooated  and  let  dry  for  5  days. 
The  film  may  then  be  removed  from  the  glass  and  its  elasticity  noted. 

215.  Standard  DeflnitionB  of  Terms  Relating  to  Paint  Specifications. — ^This  is  the  title  of  a 
series  of  definitioDS  adopted  by  the  American  Society  for  Testing  Materials  and  issued  under 
the  Serial  Designation  D-16-16.    Architects  and  other  specifiers,  and  all  users  of  paint  and 
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allied  products,  should  familiarize  themselves  with  the  terms  and  definitions  in  this  document, 
which  relate  to  various  materials,  processes,  and  methods  of  application.  This  together  with 
all  other  documents  of  the  American  Society  for  Testing  Materials  is  distributed  to  members, 
and  may  be  obtained  by  others  for  a  nominal  sum  from  the  Secretary  at  the  Engineers'  Club, 
1319  Spruce  St.,  Philadelphia. 

The  Paint  Manxifacturen  Association  of  the  U.  8.  in  1916  also  adopted  definitions  and  nomenolature  to  replace 
manufacturexB  titles  or  trade  names  in  common  use.  These  are  consistent  with  the  above  mentioned  standard 
definitions  and  are  contained  in  Giro.  No.  42  obtainable  from  the  Secretary  at  the  Bourse  Building,  Philadelphia. 

216.  Standard  Formulas,  Specifications,  and  Tests. — ^The  U.  S.  Navy  Department,  as  one 
of  the  largest  consumers  of  paint  and  varnish  in  the  country,  has  for  many  years  conducted 
researches  and  investigations  in  connection  with  materials  used  by  aU  the.technical  bureaus  of 
the  Navy  Department.  This  work  is  done  either  individually  or  in  cooperation  and  at  the 
various  Navy  Yards.  The  results  are  not  usually  made  public  but  the  conclusions  drawn 
therefrom  are  utilized  in  the  frequent  revisions  of  the  "Navy  Department  Specifications" 
which  are  issued  through  the  Bureau  of  Supplies  and  Accounts,  Washington,  D.  C.  This 
bureau  publishes  an  "Index  to  Specifications  issued  by  the  Navy  Department  for  Navy  Stores 
and  Material"  in  which  under  classification  52  is  listed  the  various  standards  and  specifications 
for  paints,  alcohol,  cements,  and  enamels  (Navy  Formulas),  paint  oils,  pigments,  pitch,  rosin, 
tar,  turpentine,  and  varnishes. 

The  U.  S.  Army,  which  during  the  war  developed  enormous  requirements  for  jMiint  and  varnish,  has  ainoe 
issued  Catalogue  No.  4,  entitled  "Paints  and  Varnishes,"  dated  January  1919,  which  may  be  obtained  from  the 
Standardisation  Section,  Purchase  Branch  of  the  Purchase,  Storage  and  Trafiio  Division,  Washington,  D.  C. 

The  American  Society  for  Testing  Materials  has  adopted  and  issued  the  following:  Standard  Specifications 
for  Purity  of  Raw  Linseed  Oil  from  North  American  Seed,  A.S.T.M.  serial  designation  Dl-15;  Standard  Specifi- 
cations for  Purity  of  Boiled  Linseed  Oil  from  North  American  Seed,  A.S.T.M.  serial  designation  Dll-15: 
Standard  Specifications  for  Purity  of  Raw  Tung  OH,  A.S.T.M.  serial  designation  D12-16;  Standard  Speoifi- 
cations  for  Turpentine,  A.S.T.M.  serial  designation  D13-15:  Standard  Specifications  for  Paint  Thinners  other 
than  Turpentine,  A.S.T.M.  serial  designation  D34-17;  Standard  Methods  for  Sampling  and  Analysis  of 
Creosote  Oil,  A.S.T.M.  serial  designation  38-17;  Tentative  Tests  for  Analysis  of  Creosote  Oil,  A.S.T.M. 
serial  designation  D38-17T  (to  be  added  when  adopted,  to  the  Standard  Methods  for  Sampling  and  Analysis 
of  Creosote  Oil). 

217.  Whitewash. — ^The  Bureau  of  Lighthouses,  Department  of  Commerce,  Wajahington, 
D.  C,  issues  a  document  which  describes  what  is  generally  known  as  Government  Formulas 
for  Whitewash.     A  verbatim  transcript  is  as  follows: 

The  following  formula  for  whitewashing  has  been  found  by  experience  to  answer  on  wood,  brick,  and  stone, 
nearly  as  well  as  oil  paint,  and  is  much  cheaper:  Slake  half  a  bushel  of  unslaked  lime  with  boiling  water,  keeping 
it  covered  during  the  process.  Strain  it  and  add  a  peck  of  salt,  dissolved  in  warm  water;  3  lb.  of  ground  rice  put  in 
boUing  water  and  boiled  to  a  thin  paste;  half  a  pound  of  powdered  Spanish  whiting,  and  a  pound  of  clear  glue 
dissolved  in  warm  water;  mix  these  well  together  and  let  the  mixture  stand  for  several  dasrs.  Keep  the  wash  thus 
prepared  in  a  kettle  or.  portable  furnace,  and  when  used  put  it  on  as  hot  as  possible,  with  painters  or  whitewash 
brushes. 

The  following  simpler  formula  for  mixing  whitewash,  when  properly  made  and  put  on,  gives  a  white  that  does 
not  easily  wash  or  rub  off,  vis.:  To  10  parts  of  best  freshly  slaked  lime  add  one  part  of  best  hydraulic  cement;  mix 
well  with  salt  water  and  apply  quite  thin. 

In  Farmers'  Bulletin  No.  474  entitled  "The  Use  of  Paint  on  the  Farm"  obtainable  from 
the  Superintendent  of  Documents,  Washington,  D.  C,  will  be  found  this  and  other  formulas 
for  whitewash  including  those  to  which  color  is  added  for  tinting  purposes. 

BUILDING  AND  SHEATHING  PAPERS,  FELTS,  QUILTS,  MINERAL  WOOL 

By  D.  Knickebbacker  Boyd 

218.  Uses. — ^It  is  desirable  in  certain  forms  of  construction  and  in  special  locations  to 
provide  against  the  intrusion  of  dampness  or  cold,  or  to  make  the  building  more  soundproof, 
by  coverings  or  insulating  materials  known  as  building  or  sheathing  papers,  or  felts,  formed  of 
a  variety  of  materials,  each  being  suited  to  a  particular  purpose  or  need. 
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The  most  frequent  use  for  such  material  is  on  the  outside  of  frame  walls  and  under  the 
roofing  of  a  building.  The  material  used  with  side  walls  need  not  be  waterproof,  but  it  should 
make  the  walls  air-tight  and  vermin  proof  as  well  as  give  a  certain  amount  of  protection  against 
heat  and  cold.  This  requirement  calls  for  only  the  cheapest  product,  although  more  expensive 
kinds  are  made  which  possess  waterproof  qualities  in  addition  to  others  and  can  be  secured  with 
but  little  more  expense.  For  roofing  paper  under  slate,  metal,  wood  or  other  tyi>es  of  shingles, 
waterproofing  qualities  are  essential.  The  type  chosen  depends  upon  local  custom  and  the 
kind  of  roofing  under  which  it  is  to  be  used. 

Each  of  the  above  kinds  of  sheathing  should  be  applied  horisontally  with  a  generous  lap,  and  well  nailed.  If 
a  heavy  felt  or  quilt  sheathing  be  placed  on  the  side  walls,  lath  should  be  nailed  over  it  so  as  to  provide  a  proper 
nailing  ground  for  the  plasterers'  lath,  for  stucco,  shingles,  elapboards,  or  whatever  the  final  covering  may  be. 

Deadening  fdts  or  papers  are  mostly  used  under  the  flooring  or  in  partitions  to  stop  sound.  Under  flooring 
they  are  also  an  additional  protection  against  vermin  and  form  a  more  resilient  bed  for  the  finished  floor,  thus 
increasing  its  life. 

219.  Building  Papers. — The  most  common  covering  or  insulating  materials  are  known  as 
''building  papers."  They  are  merely  rosin  sized  paper,  put  up  in  rolls  usually  36  in.  wide, 
carrying  500  sq.  ft.  to  the  roll  and  weighing  from  18  to  40  lb.  They  are  not  waterproof,  and  are 
used  only  in  the  most  inexpensive  work,  such  as  wall  sheathing  or  between  floors  where  they 
tend  to  keep  out  dust  and  wind,  and  are  also  some  protection  against  heat  and  cold.  They  are 
also  often  used  for  temporary  covering,  and  protection  of  floors  or  finished  work  during  the 
erection  of  buildings. 

220.  Sheathing  Papers. — Sheathing  papers  are  of  various  kinds.  The  most  common  are 
made  of  heavy  paper  or  rope  stock  saturated  with  a  coal  tar  product.  They  are  waterproof  as 
well  as  affording  protection  against  heat  and  cold  and  have  all  the  other  qualities  of  other 
building  papers.  There  is  some  objection  to  them  on  account  of  their  odor,  but  it  is  claimed 
that  this  makes  them  the  more  vermin  proof  and  that  the  odor  disappears  after  a  short  time. 

Parchment  papers  are  also  used.  These  are  odorless  and  have  a  smooth  surface,  are  semi-transparent,  and  are 
water,  air,  and  vermin  proof. 

Another  form  of  sheathing  paper  is  made  of  asbestos  and  is  quite  desirable  on  account  of  its  fireproof  qualities, 
ss  well  as  being  vermin  proof  and  odorless.  Such  papers  vary  in  weight  and  thickness  from  very  thin  papers  weigh- 
ing only  4  lb.  to  the  100  sq.  ft.,  and  H  Ia-  in  thickness.  The  Mst  ^ia  and  H-in.  thicknesses  are  used  only  where 
fireproofing  is  specially  required,  as  around  flues,  chimneys,  heat  pipes,  etc. 

Sheathing  papers  are  used  in  general  for  the  better  class  of  building  as  a  protection  on  frame  walls  and  are 
always  used  under  slate,  shingle,  or  metal  roofing.  While  the  other  forms  of  protection  which  will  be  described  are 
in  general  for  the  same  purpose,  each  kind  is  particularly  designed  for  a  special  form  of  protection. 

221.  Felt  Papers. — Ordinary  felt  papers  are  mostly  used  for  lining  floors  to  render  them 
more  soundproof.  Some  few  are  made  fireproof  by  means  of  chemicals,  and  in  some  cases  an 
asphalt  center  is  put  in  to  make  them  waterproof.  Felt  papers  are  especially  valuable  as  a 
deadening  material.  They  are  usually  quite  thick,  and  the  better  qualities  are  soft  and  pliable 
so  as  to  form  a  cushion  which  aids  in  the  interruption  and  breaking  of  sound  waves. 

Saturated  felts  are  also  used  as  a  roof  sheathing.  They  are  made  by  saturating  ordinary  felt  with  a  coal  tar 
product.     A  dry  saturated  tarred  felt  is  also  made  by  running  the  material  through  heavy  rollers  or  cylinders  i 

to  give  a  hard  smooth  surface.     This  is  mostly  used  as  a  slater's  felt  as  it  can  be  easily  handled  and  the  surface 
enables  the  roofer  to  lay  out  his  slate  couraes  on  the  paper  with  chalk  lines. 

Asbestos  building  felts  are  mostly  used  where  fireproofing  qualities  are  specially  desired,  but  also  ofiFer  protection 
against  vermin,  and  have  sound-deadening  qualities. 

222.  Insulators  and  Quilts. — Numerous  special  types  of  insulating  quilts  combine  all  of 
the  qualities  of  fireproofing  and  deadening  as  well  as  being  vermin  and  air  proof.  One  of  the 
best  known  is  made  of  thick  layers  of  eel  grass  compressed  in  such  a  manner  as  to  make  a  cush- 
ion full  of  air  spaces,  lined  on  either  side  with  asbestos.  The  grass  possesses  certain  qualities 
which  makes  it  particularly  repellant  toward  rats  and  vermin. 

Another  form  of  such  insulator  is  made  of  thoroughly  cleaned  cattle  hair,  chemically  treated,  and  stitched 
between  two  layers  of  asbestos.  Still  another  consists  of  mineral  wool,  compressed,  and  lined  with  asbestos.  A 
mineral  wool  insulator  can  also  be  secured  with  lining  of  building  paper.  A  heat  insulating  quilt  is  manufactured 
espeeiaUy  for  vse  in  keeping  out  cold,  ocnsisting  of  unbleached  linen  threads,  chemically  treated,  and  lined  with 
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waterproof  or  asbestos  paper  on  either  side  as  required.  Other  forms  of  sheathing  are  made  consisting  of  sound 
deadening  materiab  compressed  and  put  together  in  board  form,  but  these  are  somewhat  more  expensive  than  the 
rolls. 

223.  Mineral  Wool. — Mineral  wool  is  one  form  of  insulation  of  walls  and  particularly  of 
over-hardening  floors  which  is  often  used .  This  insulator  is  loose  fibrous  material  manufactured 
from  either  slag  or  asbestos  rock  and  resembling  wool  in  appearance.  It  is  sold  in  such  form  that 
it  can  be  securely  placed  in  the  spaces  provided. 

In  overhanging  floors,  the  most  common  method  is  to  put  a  false  floor  about  2  in.  above  the  bottom  oi  the  joists 
and  then  put  on  about  2  in.  of  mineral  wool,  compress  same  and  cover  with  2  in.  of  cement  or  lime  mortar  to  hold  it 
in  position.     Mineral  wool  is  especially  good  as  an  insulator  to  keep  out  heat,  as  in  the  walls  of  a  cold  room. 

It  should  be  mentioned  that  mineral  wool  if  improperly  packed  settles  and  disintegrates.  It  must  be  carefully 
placed  in  position,  and  compressed  in  such  manner  as  to  be  held  in  place,  or  its  insulating  sound  proofing  qualities 
will  not  be  retained. 


BUILDING  HARDWARE 
Br  D.  Knickerbagker  Botd 

The  name  hardware  applies  to  such  an  innumerable  arra}*^  of  commodities  in  every  day  use 
that  to  distinguish  the  ''line"  manufactured  for  use  in  buldings,  the  term  building  hardware  w 
employed. 

This  designates  the  locks,  hinges,  pulls,  checks,  etc.,  for  doors;  the  lifts,  fasteners,  pulleys, 
chain  or  cord,  weights,  etc.,  for  windows;  the  catches,  turns,  drawer  pulls,  etc.,  for  dressers; 
and  the  various  articles  suitable  for  casements,  transoms,  and  other  openings  in  buildings. 
It  is  customary  in  trade  circles  and  among  architects  and  builders  to  make  a  distinction  between 
rough  hardware,  such  as  chain,  cord,  weights,  door  hangers,  outside  shutter  and  blind  hardware, 
wire  screens,  etc.,  and  finishing  hardware,  which,  as  the  name  implies,  includes  items,  such  as 
locks,  knobs,  bolts,  lifts,transom  openers,  etc.,  applied  to  finished  work. 

224.  Rough  Hardware. — Sash  cord  for  windows  is  made  of  several  different  materials  and 
sizes  and  the  same  is  true  of  sash  chain.    The  latter  can  be  obtained  in  steel  (plain  or  coppered),  . 
in  copper,  and  in  bronze.     Sash  weights  are  made  of  iron  or  lead.     Iron  weights  are  those  regu- 
larly furnished  and  are  either  round  or  square.    Lead  weights  are  used  only  where  sash,  when 
unglazed,  are  unusually  heavy  or  where  pulley  boxes  are  too  small  to  print  proper  size  iron  weights. 

For  shutters,  various  standard  lines  of  hinges  and  bolts  are  commonly  used,  the  type  varying  in  accordance 
with  the  mill  details  and  wall  construction. 

Door  hangers  cover  a  broad  line  of  manufacture  and  are  made  in  forms  suitable  for  all  styles  of  sliding  doors  for 
both  inside  and  outside  use.  Headroom  above  the  finished  opening  must  be  provided  for  the  type  of  track,  hangers, 
and  brackets  used. 

225.  Finishing  Hardware. 

225a.  Material. — Bronze,  brass,  bronze-metal,  and  iron  and  white  metal  are 
the  materials  most  commonly  used.  These  are  furnished  either  in  cast  or  wrought  metal. 
Cast  goods  are  the  heavier,  more  expensive,  and  in  most  cases  preferable. 

While  the  majority  of  finishing  hardware  items  are  made  both  cast  and  wrought,  there  are  certain  of  them  which 
it  is  impracticable  to  produce  by  both  methods.  For  instance,  most  of  the  parts  of  transom  adjusters  are  of  wrought 
material,  while  transom  centers  are  all  cast.     These  may  also  be  malleablised  when  cast  in  iron. 

Cast  goods  are  produced  by  pouring  molten  metal  into  molds,  while  nearly  all  wrought  goods  are  stamped  from 
metal  sheets  by  dies. 

2256.  Color  or  Finish. — In  bronze  and  brass,  the  regular  produce  has  a  highly 
polished  surface,  termed  a  "finish;"  other  finishes  largely  used  when  a  high  polish  is  not  desired 
are  termed  dull  bronze  or  brushed  brass.  The  principal  finishes  are :  oxidized  copper,  oxidized 
brass,  oxidized  silver,  statuary  bronze,  and  nickel  and  gold  plate— each  one  of  which  is  made  in 
light,  medium,  and  dark  shades  and  with  various  surface  effects  too  numerous  to  mention. 

In  specifying  finishing  hardware  it  is  necessary,  if  solid  metal  is  desired  or  required,  to  prefix  the  word  "solid" 
before  the  metal  intended, — ^as  solid  brass,  solid  bronse,  or  other  solid  nonferrous  metal — except  in  the  case  of 
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bronae-metal,  which  is  «n  alloy.  Through  lon^  usage  and  trade  custom  the  mere  words  brass,  bronse,  etc.,  un- 
accompanied by  the  word  solid  are  taken  to  mean  the  finish  which  in  such  cases  is  plated  on  iron  or  steel  as  the  case 
may  be. 

On  iron  and  steel  goods,  the  finishes  commonly  applied  arer  Japanned,  lacquered,  bronse,  brass  or  nickel  platOt 
osddiaed  copper,  and  white  metal.    The  last  is  always  furnished  polished  and  has  the  appearance  of  nickel. 

226c.  General  Types. — ^The  war  with  Germany  and  the  necessity  for  the  con- 
servation of  every  kind  of  metal  emphasized  the  fact  that  fewer  types  of  hardware  should  be 
made  or  carried  in  stock,  that  plainer  patterns  were  desirable,  and  that  the  numerous  finishes 
applied  could  be  greatly  reduced  in  number  to  the  advantage  of  all  concerned.  Standards  for 
simple  types  and  a  limited  selection  were  developed  by  the  U.  S.  War  Industries  Board;  and  one 
of  the  very  sensible  results  has  been  the  preparation  by  the  Supervising  Architect's  Office  of  the 
Treasury  Department  of  a  specification  illustrated  by  typical  details  to  which  any  manufacturer 
may  conform. 

225d.  Details  to  which  Standard  Hardware  Can  be  Applied. — ^In  1917  several 
large  hardware  manufacturing  concerns  associated  themselves  in  the  issuance  of  a  book  with 
the  title  given  to  this  paragrah.  This  should  be  used  by  all  those  making  details  for  woodwork 
as  'Hhe  information  given  covers  the  minimum  requirements  for  hardware  for  the  various  t3rpe8 
of  doors  and  windows  that  have  become  standard  in  the  class  of  work  in  which  they  are  used. 
It  is  not  intended  to  suggest  any  architectural  or  constructional  design,  the  sole  purpose  being 
to  fix  required  dimensions."     Some  of  these  details  are  also  used  to  illustrate  this  section. 

226.  Locks. — ^Locks  are  made  either  rim  or  mortise.     Rim  locks  are  attached  to  the  surface. 
Mortise  locks  are  set  in  the  door.     Both  types  are  subdivided  into  two  groups — bit  keyed  locks 
and  cylinder  locks.    Bit  keyed  locks,  which  are  operated  by  keys  with  lobes  on  long  qhanks, 
may  be  1, 2,  3,  or  5  tumbler — ^the  greater  the  number  of  tumblers,  the  wider  the 
variety  of  key  changes.     Cylinder  locks  which  are  operated  by  flat  keys  with  a 
serrated  edge  are  all  furnished  with  practically  similar  key  mechanism,  which 
permits  the  use  of  a  single  key  for  the  operation  of  a  front  door  lock,  a  rear  door    PI  ] 
night  latch,  a  desk  lock,  a  trunk  lock,  or  a  padlock,  and  so  on  through  the  entire     "* 
line.     No  two  cylinder  locks  are  made  with  same  change  key  unless  so  ordered. 

Many  locks  can  be  furnished  master  keyed — ^that  is,  a  given  lock  having  100  fiq.  to.— 
or  more  different  changes  erf  key  can  be  so  constructed  that  a  master  key  will  §2*^^  "***" 
operate  all  of  the  locks,  no  two  of  which  are  controlled  by  the  same  change  key. 
In  the  best  grade  of  bit  keyed  locks,  as  used  on  hotels  or  office  buildings,  it  is  possible  to  furnish 
all  locks  on  a  floor  with  a  different  change  of  key,  a  separate  master  key  for  all  locks  on  the 
floor  and  a  grand  master  key  for  the  entire  building.  With  locks  of  the  cylinder  type,  this 
same  feature  is  capable  of  a  very  considerable  extension. 

Rim  and  mortise  locks  are  made  in  form  and  function  to  suit  all  typea  and  kinds  of  doors. 
It  is  unnecessary  to  make  extended  mention  of  rim  locks,  aside  from  referring  to  night  latches 
and  cylinder  types,  as  their  use  is  largely  confined  to  interior  passage  doors  in  the  cheaper  class 
of  small  houses,  or  unimportant  doors  in  basements. 

Night  latches,  both  bit  keyed  and  cylinder  types,  are  mAde  reversible  or  suitable  for  doora 
swinging  in  to  right  or  left.  When  used  on  doors  swinging  out  they  must  be  made  reverse 
beveL     Cases  of  locks  are  furnished  Japanned,  bronze  plated,  or  oxidized  copper. 

Mortise  locks  are  made  either  flat  or  rabetted  front.  If  rabetted,  the  regular  size  of  rabett 
is  K  in-,  small  locks  for  thin  French  windows  being  made  suitable  for  ^-in.  rabett.  If  other 
sizes  of  rabett  are  detailed,  the  lock  faces  will  have  to  be  especially  made  entailing  additional 
expense  and  possible  delays. 

The  distance  from  face  of  lock  to  center  of  knob  or  key  hole  is  called  the  backset.  The  backset  of  ordinary 
sise  looks  Tariea  from  2^  to  3  in.,  but  2^  in.  is  standard  (Fig.  79).  Locks  with  special  backsets  are  obtainable 
as  special  items,  when  French  windows,  and  frequently  passage  doors,  are  made  with  stiles  so  narrow  that  standard 
locks  cannot  be  used. 

Flat  faced  looks  are  usually  made  reveraible.  Flat  faced  locks  with  bevelled  faces  and  all  rabetted  locks  are 
*' handed'*  for  either  right  or  left  doors  (see  Fig.  93,  p.  1025).  Faces  of  heavy  doors  must  be  bevelled  to  permit 
the  door  at  dosing  point  to  swing  free  and  6t  snugly.  Lock  faces  must  be  bevelled  to  fit  door.  Two  standard 
berela  eodst,  but  that  most  frequently  used  is  H  u^-  ui  2  in. 
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The  grade  of  many  series  of  locks  depends  on  number  of  tumblers  and  character  of  spring.  The  number  of 
di£Fering  change  keys  to  any  one  lock  is  determined  in  part  by  the  number  of  tumblers  and  to  the  precision  of  their 
mechanism.  Consequently,  all  three  tumbler  locks  do  not  permit  of  an  equal  number  of  change  kejrs.  In  fact, 
the  variation  is  very  great. 

The  spring  employed  in  lock  construction  may  be  of  the  simplest  flat  wire  variety-'-one  such  spring  controlling 
latch  and  knob  action — or  a  combination  of  fine  phosphor  bronse  springs,  one  set  controlling  latch  and  another 
set  the  knob  or  lever  handle.  It  is  customary  therefore  to  differentiate  between  a  common  spring  lock  as  first  in- 
dicated and  an  easy  spring  lock  as  last  mentioned.  An  auxiliary  spring  on  hub  of  lock  is  a  feature  added  to  easy 
spring  locks  when  lever  handles  instead  of  knobs  are  employed. 

With  all  cylinder  locks,  the  cylinders  vary  in  length  to  suit  the  various  thicknesses  of  doors.     Mortise  cylindo- 
locks  of  standard  type  cannot  be  used  on  doors  less  than  1^  in.  in  thickness,  though  thin  locks  are  especially  made. 
Inside  door  looks  or  passage  door  looks  vary  in  sise  and  quality  from  a  ^in.  1-tumbler  lock  to  a  6-in.  5-tuinbler 
lock  in  bit  keyed  series,  and  through  a  wide  range  of  sise  and  function  in  cylinder  locks.     Locks  having  special  func- 
tions are  made  for  office  buildings,  etc.    In  addition,  locks  especially  adapted  for  closets, 
cupboards,  French  windows,  hinged  sash,  etc.,  are  procurable  in  a  variety  of  sises  to  suit  the 
working  conditions. 

Knob  locks  are  constructed  with  a  latch  operated  by  a  knob  and  a  bolt  operated  by  a 
key.  Comrouxucating  locks  have  regular  latch  and  either  one  or  two  bolts  oi>erated  by 
thumb  knobs.  Those  with  one  bolt  are  designed  for  use  on  doors  to  bath  rooms,  the  two 
bolt  look  on  doors  between  rooms.  The  latest  tyi>e  includes  a  key  action  that  prevents 
operation  of  bolts  until  key  action  is  reversed. 

Hotel  locks  are  similar  to  knob  locks  but  are  made  with  two  bolts,  one  operated  on 
inside  only  by  key,  and  the  other  on  outside  only  by  key. 

Office  door  locks,  usually  of  cylinder  type,  consist  of  a  latch  only  that  is  so  controlled 
by  the  stops  in  face  of  lock  that   outside  knob  can  be  operative  or  inoperative.     In   the 
latter  ease  entrance  is  obtained  by  key.     Exit  from  room  is  always  possible  as  inside  knob 
is  at  all  times  oi>erative.     When  outside  knob  is  inoperative,  the  door  automatically  locks  on 
dosing. 

Locks  for  institutional  use  are  functioned  to  accommodate  particular  needs  as  well  as  general  conditions. 
Front  door  locks  for  residence  work  are  in  effect  a  knob  lock  having  the  added  feature  of  stop  work  in  face  to 
control  outside  knob.     Key  on  outside  operates  both  latch  and  bolt.     On  the  inside  knob  is  always  optative  and 
bolt  controlled  by  a  thumb  knob. 

Store  door  looks  are  a  development  of  the  old  style  lifting  latches  and  mortise  locks.  The  latch  is  incorporated 
in  a  plate  and  pull  called  for  the  sake  of  brevity,  a  handle.  Two  handles  with  the  lock  constitute  a  set.  The 
locks  are  made  in  two  main  varieties,  one  with  a  latch  operated  by  thumb  piece  of  each  handle  and  a  bolt  operated 
by  a  key  from  either  side,  the  other  similar  with  the  added  feature  of  9top  in  face  controlling  outside  thumb  piece. 
Sliding  doors  are  provided  with  a  hook  or  split  bolt  operated  by  key  from  either  side,  and  provided  with  a  pull 
in  face  of  lock,  employed  in  pulling  outt  or  shutting,  the  door.  This  pull  remains  within  case  of  lock  except  when 
forced  outward  by  a  stop.    .The  face  is  made  in  flat  and  astragal  shape. 

Dead  locks  have  a  bolt  only  and  may  be  operated  from  one  side  only  or  both  sides  by  key. 
lar  to  a  dead  lock  but  bolt  is  oi>erated  from  one  side  only  by  a  turn  knob. 

A  special  type  of  lock  and  knob  combination  is  manufactured  which 
has  the  key-way  and  tumblers  placed  in  the  knob  and  which  is  completely 
assembled  and  attached  to  the  door  as  a  unit. 

Knobs,  leter  haneUeM,  and  escutcheon  pUUea  for  locks  are  made  with  both 
plain  and  ornamental  surfaces — also  in  differing  sises  and  shapes.  Round 
knobs  for  interior  doors  are  usually  2}^  in.  in  diameter  and  for  exterior 
entrance  doors  2H  in.  in  diameter.  For  special  purposes  they  are  also 
made  in  iHi  1K>  2  and  3-in.  diameters.  Knobs  are  coupled  by  means  of 
spindly  either  He  or  ^^  in.  square.  Knobs  and  lever  handles  are  attached 
to  spindles  by  several  methods. 

For  all  locks  having  a  stop  in  face,  a  split  or  swivel  spindle  is  provided  for  the  knob.  This  form  has  a  j<Mnt 
at  the  center  permitting  operation  of  knob  on  one  side  when  opposite  side  is  made  fast. 

Auxiliary  springs  are  frequently  \ised  in  connection  with  lever  handles  to  keep  them  in  a  normal  position. 
This  spring  may  be  incorporated  in  lock  or  attached  indei>endently  of  lock.  Lever  handles  of  ornamental  dcugn 
are  often  necessarily  "handed"  for  right  or  left  doors. 

An  escutcheon  may  be  either  a  combined  rose  and  escutcheon  or  an  escutcheon  plate.  The  former  is  made 
of  sufficient  length  to  permit  attachment  screws  to  enter  wood  above  and  below  case  of  lock  and  serves  both  as  a 
rose  for  the  knob  and  key  plate  for  lock.  When  knobs  are  used  with  roses  only,  separate  plate  escutcheons  are 
provided  for  the  key  hole.  On  thin  wood  doors  IH  in.  or  less,  combined  rose  and  escutcheon  should  be  used 
as  the  mortise  for  lock  leaves  insufficient  wood  for  secure  attachment  of  key  plate. 

Glass  is  now  frequently  used  in  the  construction  of  knobs  and  lever  handles  and  furnished  in  many  different 
designs,  either  pressed  or  cut. 

227.  Butts  or  Hinges. — ^These  articles,  the  names  of  which  are  constantly  used  interchange- 
ably, are  spoken  of  in  the  trade  by  pairs — ^thus:  one  butt  or  hinge  is  *'  one-half  pair, "  three  are 
''one  and  one-half  pairs.'' 


A  dead  holt  is  simi- 


Fia.  81. — Double  sliding  doors 
with  flat  astrayal  meeting  stiles. 
The  stile  as  shown  is  suitable  for 
lock  with  standard  backset. 
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The  article  itself  consists  of  two  'leaves"  which,  when  folded  open,  are  ordinarily  equal  in 
width  to  height  and  the  stock  sizes  refer  to  the  opened  hinge.  When  projecting  finish  requires 
clearance  for  a  door  folded  back,  the  width  of  the  butt  must  be  increased.  Wherever  possible, 
this  should  be  accomplished  by  also  increasing  the  height  to  avoid  special  hinges. 

Hinges  or  butts  are  made  with  fast  or  loose  pin,  fast  or  loose  joint,  3  or  5  knuckles,  with 
or  without  washers  and  ball  bearings.  Loose  joint  and  loose  pin  butts  permit  taking  down  of 
door  without  removal  of  hinges.  Loose  joint  butts  have  but  one  knuckle  or  bearing  point 
while  loose  pin  butts  have  two  or  more.  Consequently,  loose  joint  butts  are  seldom  used. 
Fast  pin  butts  are  employed  where  loose  pin  butts  are  impracticable,  as  in  the  case  of  transoms. 
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Fxo.  82. — Fast  pin  butt.     Fxa.  83. — ^Looso  pin  butt. 


FxQ.  84. — Ball  bearing 
butt. 


Fig.  85.7-Spring  butt 
hinges. 


Bronse  door  butts  are  regularly  made  with  steel  bushings  at  all  joints  or  bearing  points,  but  can  be  had  with 
exposed  fiber  washers,  self-lubricating  washers,  or  ball  bearings  at  all  joints.  Sises  ordinarily  run  from  3  X  3  in. 
to  6  X  6  in.  but  larger  sises  are  produced.  These  butts  are  made  in  different  weights — flight,  medium,  heayy,  and 
extra  heavy — to  accommodate  differing  weights  and  uses  of  doors.  Sises  of  butts  are  determined  by  the  thickness 
of  door  and  clearance  required  for  trim  or  projecting  cape  of  wainscots,  etc.,  which  should  always  be  taken  into 
considerlition  in  determining  sises. 

The  pins  of  the  butts  in  the  heavier  lines  are  so  constructed  as  to  prevent  their  working  out  of  normal  position 
and  can  be  made  so  that  removal  is  impossible  except  in  one  definite  open  position.     This 
latter  feature  is  of  value  on  entrance  doors  opening  out  where  hinges  are  exposed.     Sises 
under  3  X  3  in.  are  also  furnished  loose  pin  and  fast  joint  but  do  not  have  washers  and 

are  made  in  different  weights.     Special  types  of  hinges  are  made  for  water  closet  doors,  p        qa Automatic 

double  and  single  acting  doors.     W.  C.  hinges  are  made  both  for  single  acting  and  double        uash  adjuster. 
acting  doors.     Springs  in  hinge,  dose  door  or  hold  open,  as  preferred. 

For  single  acting  or  double  acting  doors,  there  are  three  distinct  types  of  hinges.     One  consists  of  a  box  in 
floor,  containing  a  spring  and  also  acting  as  a  lower  pivot,  a  top  pivot  being  placed  in  overhead  jamb.     The  second 
type  involves  practically  the  same  idea  but  with  a  box  or  case  attached  to  door.     The  third  consists  of  a  pair  of 
spring  hinges  attached  to  door  and  jamb.     The  first  type  is  called  a  floor  hinge  and  is  made  with  and  without  check- 
ing feature.     The  second  is  termed  surface  hinge  and  is  not  made  with  checking  device. 
The  third  is  known  as  jamb  hinge.     The  first  and  second  typ&b  hold  door  open  when 
swung  beyond  an  angle  of  90  deg. 

Ball  bearing  pivots  of  varsring  sises  are  regularly  made  for  very  heavy  doors  that  are 
not  actively  used — as  bronse  entrance  doors. 

828.  Adjusters. — Adjusters  for  use  on  casement  windows,  consist  of  a 
pivoted  or  grooved  supporting  plate,  through  which  or  in  which  a  rod 
operates,  one  end  of  which  is  screwed  to  casement  rail,  the  supporting 
plate  being  attached  to  window  frame.     They   serve  to  hold   casement 

J  I         windows  open  at  any  desired  angle.     One,  working  on  the  friction  principle, 

J  is  known  as  an  automatic  adjuster  (Fig.  86).  Special  devices  are  made, 
W  known  as  the  concealed  type,  which  involve  a  gear  case  in  frame  directly 
under  heel  of  window  and  connecting  with  window  by  a  pivot  bearing 
through  frame.  A  handle  attached  to  casing,  having  a  spindle  extending 
through  gear  case  completes  the  device.  A  similar  outfit  is  made  for  outside 
shutters,  the  gear  case  being  attached  to  sill  on  outside  just  under  line  of 
shutter  and  connected  with  shutter  by  a  curved  arm.  With  either  of  these 
adjusters,  operation  is  effected  without  the  necessity  of  opening  screens  or 
windows. 
Adjusters  for  use  on  transoms,  ^sometimes  termed  transom  lifters  (Fig.  87),  consist 
ordinarily  of  rods  moving  through  brackets — the  latter  screwed  to  casing — an  arm  from 
rod  connecting  with  bracket  attached  to  transom  rail.  Transoms  can  be  hung  on  butts  at  top 
or  bottom  or  on  pivots  on  side  or  at  top  and  bottom.  The  size  and  length  of  rod  varies  with  the 
height  required.  The  standard  sizes  run  ^,  5^,  %,  and  >^-in.  diameter,  and  from  3  to  6  ft. 
or  more  in  length.    The  material  is  wrought,  not  cast. 


Fig.  87. — Transom 
lifters. 
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A  concealed  operator  for  transoms  is  also  made,  the  only  visible  portion  beinc  the  operaiiac  handle.  This 
article  is  similar  in  mechanism  to  the  concealed  casement  and  shutter  operator  but  in  form  quite  different.  The 
device  consists  of  a  unit  plate  concealed  in  and  attached  to  casing  to  which  is  fastened  a  gear  case.  A  toothed  rod 
passes  through  gear  case  and  connects  with  levers  that  are  fastened  to  a  pivot  bearing.  This  bearing  extends  from 
the  unit  plate  to  heel  of  transom.  The  gear  ease  b  located  near  bottom  of  unit  plate  and  plate  is  made«of  such 
length  as  to  bring  handle  which  enters  gear  case,  about  5  ft.  from  floor.  To  permit  use  of  concealed  adjusters, 
work  must  be  detailed  in  accordance  with  requirements. 

Transom  centers  are  designed  for  sash  pivoted  at  sides  or  at  top  and  bottom.  When  vertically  jnvoted,  the 
lower  and  top  rail  of  sash  is  usually  rabetted  and  requires  a  center  to  fit  rabett  and  also  sash.  These  are  regularly 
made  suitable  for  H-in*  rabett  and  in  varying  widths  to  suit  sash  from  IHto  2H  in.  in  thickness.  They  are  also 
made  with  corrugated  washers,  capable  of  a  friction  adjustment  and  serve  to  hold  sash  open  at  any  desired  angle. 

Chain  door  fasteners  permit  a  partial  opening  of  door,  but  door  must  be  completely  closed  to  releaae  fastening. 
Therefore  it  cannot  be  tam]>ered  with  from  outside. 

Door  stops  of  either  wood  or  metal  are  made  for  attachment  to  baseboard  and  also  to  floor.  When  attachment 
is  made  to  marble,  concrete,  etc.,  expansion  bolts  are  required.  All  are  equipped  with  rubber  bumpers,  and  some 
metal  stops  have  hooks  to  hold  door  open. 

Door  holders  are  attached  to  door,  operated  by  the  foot,  and  hold  door  at  any  point  of  its  swing. 

Door  checks  are  attached  to  door  or  to  a  bracket  screwed  to  overhead  jamb,  made  generally  in  six  regular 
sizes,  and  act  as  door  closers.  A  checking  device  is  incorporated  that  prevents  slamming  without  detracting 
from  power. 

229.  Window  Pulleys. — Window  pulleys  are  made  with  three  distlDct  kinds  of  bearings. 
The  least  expensive  consists  of  a  plain  axle  through  wheel  riveted  to  pulley  case,  and  termed 
noiseless. 

The  roller  bearing  or  anti-friction  style  is  made  with  a  series  of  round  steel  pins  encircling 
axle  and  in  which  axle  revolves.  Ball  bearings  as  the  name  implies  consist  of  a  ball  retainer 
and  hardened  steel  balls  set  in  both  sides  of  case  to  receive  axle.     Faces  of  pulleys  are  either 

square  or  round  end  and  are  made  either  of  finished  nonf  errous 
gmj  metal  or  Japanned,  galvanized,   or  plain  iron  for  painting. 

^Xl^^i^^lj^^^j^-tT^Tur^'rt^     Wheels  are  made  IJi,  2,  2J4,  2J^,  and  3  in.  in  diameter  and 

lf^^J^  _i     VjLJ        ^^^^IJ    jy.g  either  cast  metal  or  stamped.     Pulleys  with  2K-in-  wheel 

^  are  recommended  size  for  average  good   work.     Wheels  for 

FiQ.  88.— Cremorne  bolts.         ^^'^  ^*^®  *  ^^^^^  groove,  and  for  chain  a  square  groove. 

280.  Bolts. — Many  varieties  of  bolts  are  made  both  in  the 
rim  and  mortise  types. 

Extension  bolts  are  so  termed  on  account  of  having  detachable  bolt  head — ^the  latter  fast- 
ened to  rods  of  varying  lengths.  This  permits  the  use  of  a  top  and  bottom  bolt  of  similar  appear- 
ance but  of  differing  lengths.  Rod  for  top  bolt  should  be  of  sufficient  length  to  bring  handle 
of  bolt  about  5  ft.  from  floor.  This  particular  kind  of  bolt  may  be  operated  by  the  turning  of  a 
knob,  by  the  slide  of  a  knob,  or  by  operation  of  a  lever.  In  the  latter  case,  lever  is  set  flush  with 
surface  of  bolt  plate  and  can  therefore  be  used  on  edge  of  door  as  well  as  on  face.  It  is  the 
proper  type  for  use  on  folding  doors  or  in  any  case  where  it  is  desirable  or  necessary  to  avoid 
projection  beyond  surface  of  door. 

Cremorne  bolts  extend  full  length  of  door,  operated  by  a  handle  located  about  30  in.  from 
floor  and  fastens  door  both  at  top  and  bottom  (Fig.  88).  The  bolts  are  "handed"  for  right 
and  left  doors.  Doors  hinged  on  right  hand  side  as  seen  from  inside  require  R.  H.  bolts.  If 
hinged  on  left  hand  side,  aL.  H.  bolt.  Pairs  of  doors  with  flat  faces  require  bolts  on  each  door, 
but  if  doors  are  rabetted,  one  bolt  is  sufficient.  In  the  latter  case,  a  bolt  is  frequently  used  on 
each  door  for  uniformity  of  appearance.  If  one  cremorne  bolt  is  used,  the  opposite  half  should 
have  extension  bolts. 

Instead  of  being  rabetted,  double  doors  are  more  and  more  frequently  being  made  with  an  astragal  or  mold 
which,  secured  to  one  door  and  overlapping  the  other,  accomplishes  the  purpose  of  a  rabett*  namely,  to  avoid  an 
open  joint  and  yet  allows  the  faces  of  the  doors  to  accommodate  themselves  to  regular  or  standard  hardware. 

Espagnolette  bolts  are  designed  for  hinged  sash  occurring  singly  or  in  pairs.  They  fasten  at  top,  bottom,  and 
center  and  are  made  right  and  left-hand. 

Special  types,  known  as  "  Panic  "  bolts,  are  manufactured  for  use  on  doors  leading  from  places  of  public  assem- 
blage and  are  so  designed  that  pressure  from  the  inside  will  liberate  the  mechanism. 

Chain  bolts,  foot  bolts,  neck  bolts,  barrel  bolts,  etc.,  are  too  well  known  for  more  than  casual  mention.' 
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231.  Miscellaneous  Hardware. — Coat  and  hat  hooks,  towel  or  regalia  hooks,  wardrobe 
hooks,  and  wire  hooka  are  made  in  many  sizes  and  shapes.  Push  plates  are  made  in  glass  as 
well  as  metal. 


Fia.  89.  Fio.  00.  Fxa.  91. 

Pio.  89. — ^Double  interior  doon  with  rabbetted  meeting  stiles  using  bit-keyed  lock  for  locks  with  standard 
backsets;  stiles  should  not  be  less  than  4>-^  in.  on  narrow  side. 

Fia.  90. — Double  narrow  stile  doors  with  flat  astragal  meeting  stiles  using  cylinder  lock  front  beveled  H  in* 
in  2  in. ;  regular  backset  2  in. ;  the  stiles  should  be  not  less  than  3  in.  Narrower  backsets  may  be  had  on  special 
order  at  an  additional  price. 

Fia.  91. — Double  narrow  stile  doors  with  flat  astragal  meeting  atiles  using  bit-keyed  lock  with  flat  front,  not 
beveled.  Regular  backset  IH  '^^-  T^^^  stiles  should  be  not  less  than  3  in.;  other  backsets  may  be  had  on  special 
order  at  an  sdditional  prioe.  For  thicker  doors,  locks  with  beveled  fronts  may  be  had  on  special  order  at  an 
additional  price. 

Cupboard  turns,  screen  door  catches,  drawer  pulls,  drop  handles,  shutter  knobs,  sash  lifts, 
sash  fasts,  push  buttons,  letter-box  plates,  push  plates,  door  pulls  are  all  essentially  necessary 
items  in  any  building  installation  too  numerous  and  gen- 
erally understood  to  require  especial  mention. 

When  hardware  is  required  lor  metal  construction,  it  is  necessary 
to  furnish  machine  screws  for  purposes  of  attachment  and  to  make  all 
the  items  conform  in  sise  and  location  of  screw  holes  to  an  exact  stand- 
ard. Templates  of  each  item  of  hardware  involved  should  be  sent  to 
sash  apd  door  manufacturer,  as  a  guide  in  mortising  and  drilling.  Fxo.  92. — Espagnolette  bolt. 

232.  "Hand"  and  Bevel  of  Doors. — The  "hand"  of  a  door  us  always  determined  from  the 
outside.  The  '^ outside"  is  the  street  side  of  an  entrance  door,  and  the  corridor  side  of  a  room 
door.     The  ''outside"  of  a  communicating  door,  from  room  to  room,  is  the  side  from  which, 
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Fxo.  93. 


when  the  door  is  closed,  the  butts  are  not  visible.     The  ''outside  "  of  a  pair  of  twin  doors  (doors 
hung  on  both  sides  of  a  single  opening)  is  the  space  between  them. 

The  "outside"  of  a  closet  door  is  the  room  side,  thus  reversing  the  rule  which  applies  in 
other  cases.    The  foregoing  definitions  apply  to  shding  doors  as  well  as  to  hinged  doors. 
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If,  standing  outside  of  a  door,  the  butts  are  on  the  right,  it  is  a  right-hand  door;  if  on  the  left, 
it  is  a  left-hand  door.  This,  however,  does  not  apply  to  casement  sashes  and  outside  blinds 
or  shutters,  where  the  point  of  view  is  assumed  to  be  from  the  inside  instead  of  the  outside. 

A  door  is  bevelled  when  its  edge  ia  not  at  right  anglee  with  its  surface,  and  a  mortise  lock  for  such  a  door  requires 
a  bevelled  front.  This  bevel  is  expressed  by  stating  the  thickness  of  the  door  and  the  distance  which  one  edge 
drope  back  of  the  other.  Two  standards  exist  tor  bevels,  one  being  H  in.  in  2  in.,  and- the  other  being  yi  in.  in 
2>^  in. — the  former,  as  before  stated,  being  the  one  most  generally  used. 

The  proi>er  bevel  of  a  door,  or  whether  any  is  needed,  is  determined  by  the  sixe  of  butt  and  the  thickness  and 
width  of  door.  The  result  may  be  accomplished  by  bevelling  the  edge  of  the  door,  or,  if  its  edge  is  left  square,  by 
leaving  sufficient  clearance  between  the  door  and  its  jamb.  If  the  door  is  of  fair  width,  and  if  the  butt  does  not 
need  to  be  very  wide  (to  clear  the  architrave  or  other  projections),  it  will  be  found  that  a  square  edge  may  be  used 
without  resort  to  an  unduly  open  joint,  thus  permitting  the  use  of  a  lock  with  regular  front.  The  use  of  bevded 
front  locks  should  be  avoided  where  no  real  need  tor  them  exists. 

If,  standing  outside,  the  door  opens  from  you  or  inward,  it  takes  a  lock  with  a  regular  bevel;  if  opening  outward, 
it  takes  a  lock  with  reverse  bevel. 

As  cupboard  and  bookcase  doors  always  open  out.  locks  for  such  doors  are  regularly  made  with  reverse  bevel 
bolts;  therefore,  as  to  such  locks,  it  is  unnecessary  to  specify  "reverse  bevel."  The  accompanying  diagraais 
(Fig.  03)  illustrate  clearly  the  above  descriptions,  the  abbreviations  being  R.  H. — aright-hand;  L.H. — left-hand; 
Beg.  Bevel — ^regular  bevel;  and  R.B. — ^reverse  beveL 
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ESTIMATING  STEBL  BUILDINGS 

Bt  Arthur  E.  Alitis 

The  object  of  this  chapter  is  to  outline  the  considerations  which  go  to  make  up  actual  costs. 
Where  unit  costs  appear,  they  can  be  used  intelligently  only  as  a  criterion  since  it  is  not  possible 
to  establish  even  approximate  prices  for  building  operations  In^this  day  of  radical  market 
changes. 

What  is  given  under  this  heading  applies  directly  to  the  estimating  of  simple  factory  build- 
ings having  a  structural  steel  frame  without  fireproofingi  but  the  methods  described  and  consid- 
derations  involved  pertain  to  high  office  and  other  buildings  of  structural  steel.     Much  may 
be  learned  from  this  chapter  as  regards  estimating  in  general.    Estimating  of  concrete  footings, 
concrete  floors,  etc.,  is  not  considered,  as  the  same  rules  apply  as  in  the  chapter  following. 
The  item  ''material''  in  estimates  usually  includes  all  expenses  incident  to  placing  build- 
ing materials  at  the  site.    Under  the  item  "labor''  is  included  all  estimated  field  payroll 
expenditures.     When  carload  shipments  are  estimated,  ''labor"  includes  unloading  expense. 
1.  General  Inspection  of  Building  Site. — The  consideration  of  the  building  site,  with 

respect  to  the  speedy  and  econom- 
ical handling  of  materials  from  cars 
to  their  respective  places  in  the 
finished  building,  is  a  most  im- 
portant one  in  the  mind  of  the 
experienced  building  estimator.  A 
.large  percentage  of  the  jobs  show- 
ing a  loss  to  the  contractor  can  be 
attributed  to  the  lax  consideration 
of  the  site.  Two  items  are  to  be 
considered — railroad  delivery  and 
material  storage  facilities.  With- 
out proper  consideration  of  both 
of  these  conditions,  the  cost  of  each 
and  every  operation  in  the  entire 
building  may  exceed  the  estimated 
allowance. 

Materials  are  often  bought  in  team 
lota  delivered  at  the  site  when  there  is 
no .  switch  track  located  on  the  buildins 
premises.  The  costs  of  materials  delivered 
by  team  by  local  dealers — particulariy 
large  quantities  of  bulk  materiab,  such  as 
oementf  sand,  stone,  brick,  steel,  and 
lumber-— are  usually  compared  with  the 
cost  f.o.b.   cars,   plus  the  teaming  from 


Sectton  'A-A" 

Fio.  1. — Foundation  plan  (interior  piers  omitted). 


track  to  site.     These  costs  can  be  determined  locally  for  each  instance. 

Sufficient  available  storage  space  to  take  care  of  the  usual  necessary  material  on  hand  at  the  building  site  means 
a  great  deal  to  the  construction  superintendent.  The  difference  in  cdst  between  a  job  run  under  these  conditions, 
and  a  job  Where,  due  to  lack  of  room,  materials  are  in  the  way  of  operations,  has  frequently  eaten  up  the  estimated 
profit.  The  work  mu8«,  run  along  smoothly  or  the  superintendent  will  be  unable  to  meet  the  estimate.  The 
method  for  pricing  labor  operations  to  be  carried  on  under  crowded  conditions  is  usually  to  allow  for  the  increase  in 
the  unit  price  of  each  operation  rather  than  attempt  to  enter  a  lump  sum  item  in  the  estimate. 

It  is  usually  practical  while  at  the  site  to  investigate  the  local  wages  of  the  several  building  trades  and  also 
make  note  of  the  general  labor  situation.  Lot  levels,  if  omitted  on  drawings  by  designing  engineer,  should  be  ob- 
tained and  placed  on  drawings  by  the  estimator.  Present  incumbrances  on  site  should  be  noted,  also  such  details 
as  building  permits,  street  obstruction  permits,  water  permits,  etc. 

2.  Sample  of  Estimate  for  Foundation. — The  following  estimate  of  the  cost  of  a  building 
foundation  (with  the  exception  of  the  concrete  work  which  is  taken  up  in  the  section  following) 
is  given  to  illustrate  the  general  form  for  listing,  pricing,  and  extending  the  various  units ; 
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FOBM  OF  GbNBRAL  ESTIMATE 


Quantity 


Price 


A 
extension 


B 

totals 


General  conditions: 

Railroad  track  adjacent  to  building. 

B.  ft  O.  delivery. 

Adequate  space  for  storing  materials. 

Water  furnished  by  owner. 

Nature  of  soil — sand,  water  present  5  ft.  below  ground  level 

Cinders  for  filling  can  be  procured  for  a  switching  charge  of 

60e.  per  eu.  yd. 
O^ner  takes  out  all  perndts  except  street  obstruction  permits 
Site  is  dear. 

Dry  excavation — ^Foundation  walls: 


North: 

North: 

South: 

South: 

East: 

East: 

West: 

West: 

All  walls: 


1  waU    174*  X  3l  X  4* 2.262 

1  footg  174*  X  2l  X  1* 892 

1  wall  200*  X  3l  X  4* 2.600 

1  footg  200*  X  2l  X  I* 460 

1  wall  100*  X  3i  X  4* 1,300 

225 
767 
133 


1  footg  100*  X  2i  X  1* 

1  wall      69*  X  3i  X  4* 

1  footg     59*  X  2i  X  1* 

19  pils,      3*  X  Oi  X  6* 214 

Labor  at  1.10  8,343 

Dry  excavation— Boiler  pit: 

1  PC.  45*  X  30*  X  6* 6,760 

Labor  at  1.00 

Wet  excavation — Boiler  pit: 

1  PC  46*  X  30*  X  4*  6.400 


Backfill: 
N.  wall: 
a.  wall: 
B.  wall: 
W.  wall: 
Pit: 
Pit: 


2  pes.  174*  X  1*X  4* 1.392 


2  pes. 
2  pes. 
2  pes. 
2  pes. 
2  pes. 


200* 

100* 

69* 

30* 

46* 


X 
X 
X 
X 
X 


1*  X  4* 1,600 

1*  X  4* 800 

1*  X  4* 472 

2*  X  9* 1.080 

2*X9* 1,620 


Floor  fill  required: 

1  PC.  1974  X  971  X 
Outs: 

19pils.  2*  X  oi  X  1*. 
1  pit.  24i  X  894  X  1* 


0.964 
1* 19.256 


29 

984 1,018 


Surplus  excavation — Spreading  and  tamping: 
Dry  excavation  (walls) ....     8,343 


18.243 


Wet  excavation  (pit) . 
Lees  backfill 

V.  •  %J\f 

6.400 

20,493 
6,964 

.   18.629 

Shoring  to  boiler  pit: 

600pilee2  X  6  X  7.. 

4,714 
..    4,200 

10%  waste.. 

-  0.42 

-  0.18 

420 

Material  7  ft.'  at  6et. 
Labor 

4.620 

0.60 
Pumping  and  bailing: 

Setting  pump. 

Set  and  connect  55  well  points. 


309  cu.  yd. 


250  cu.  yd. 

200  cu.  yd. 
268  cu.  yd. 


175  cu.  yd. 


501  cu.  yd. 


600  pes. 


Allow 
55  pes. 


fl.lO 


340- 


1.00 

2.00 
.50 


2.00 


.60 


.60 


.50 


250- 

400- 
129- 


360- 


261  - 


360- 


60 

28- 


2,158 
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The  estimator  should  bear  in  mind  that  the  proposal  tendered  the  prospective  customer 
is  based  on  the  estimate,  and  when  the  obligations  of  either  the  owner  or  the  contractor  are  in 
doubt,  the  contractor's  assumption  should  be  noted  on  the  estimate  so  that  it  can  later  appear 
in  the  proposal.  This  is  especially  important  in  connection  with  miscellaneouB  items,  such  as 
water,  permits,  clearing  site,  etc. 

In  listing  quantities  no  attempt  is  made  for  extreme  refinement.  Pull  length  of  wall  for  ezeavation  on  each 
side  of  the  building  is  listed.  Although  the  corners  overlap,  this  is  good  practice  for  this  class  of  work  and  goes  to 
offset  the  irregularities  incident  to  construction.  Note  that  on  account  of  the  difference  in  unit  costs  for  dry  and 
wet  excavation  for  boiler  pit,  this  item  has  been  separated  into  two  parts.  Extensions  are  figured  to  the  nearest 
dollar.  Ck>lumns  A  and  B  provide  a  means  for  grouping  the  operations  of  the  different  trades  in  the  event  that  it 
is  desirable  to  have  these  costs  convenient  for  reference. 

As  the  costs  of  transporting,  unloading,  and  reloading  equipment  are  the  same  for  large  or  small  quantities 
of  work,  and  it  is  always  desirable  to  keep  unit  costs  on  a  comparative  basis,  aU  equipment  is  grouped  on  a  Tool  List 
and  entered  later  in  the  estimate.     The  costs  for  handling  equipment  is  then  approximated  direct  from  this  list. 

The  take-off  should  also  be  made  up  so  that  every  item  may  be  readUy  identified  (note  column  at  left  edge  of 
sample  estimate).  A  large  percentage  of  designs  are  changed  and  require  re-estimating;  for  this  reason  much  time 
and  inconvenience  may  be  minimised. 

3.  Clearing  Site. — It  is  well  to  have  this  item  appear  in  the  estimate  even  though  no  expense 
need  be  estimated.  A  detailed  discussion  of  the  estimating  for  expense  of  clearing  site  is  hardly 
practiceable  due  to  the  great  variance  of  obstructions  encountered. 

4.  Excavation. — The  unit  cost  of  excavating  is  governed  by  the  kind  of  soil  and  the  amount 
of  water  present.  Using  as  a  basis  the  cost  of  handling  a  firm,  dry  soil,  the  unit  price  may  have  to 
be  increased:  (1)  for  handling  wet  excavation,  (2)  when  excavating  through  a  re-fill  of  mis- 
cellaneous building  debris  that  cannot  be  spaded,  (3)  when  depth  of  excavating  requires  relays 
from  platforms,  usually  about  6  ft.  apart,  and  (4)  when  sand  or  other  material  with  little  or  no 
self-retaining  properties  is  present. 

All  different  kinds  of  excavating  should  be  listed  separately  to  allow  for  the  convenient  use  of  varying  unit 
prices.  These  excavating  conditions  having  been  established  by  the  genwal  inspection,  the  unit  price  must  be 
fairly  accurate.  Similarly,  when  estimating  caissons  for  heavy  buildings,  general  inspection  should  determine 
whether  ordinary  well  or  pneumatic  methods  are  to  be  estimated. 

The  steam  shovel  is  usually  estimated  for  making  large  cuts  where  surplus  excavation  must  be  hauled  away. 
The  excavating  and  loading  is  then  accomplished  by  one  operation. 

6.  Shoring. — Aside  from  the  increased  costs  of  excavating  operations,  it  is  often  necessary 
to  provide  temporary  support  for  earth  walls.  The  costs  of  wood  shoring  are  developed  simi- 
lar to  costs  of  shores  or  forms  for  concrete  work,  and  reference  should  be  made  to  the  next  chapter 
for  details.  The  salvage  is  usually  very  small  and,  unless  a  second  use  for  the  lumber  is  predeter- 
mined, the  total  cost  of  the  material  is  usually  charged. 

6.  Pumping  and  Bailing. — Pumping  and  bailing  are  generally  figured  separately  for  each 
pit,  basement,  or  other  unit.  The  approximate  amount  of  water  to  be  encountered,  the  nature 
of  the  soil  and  work  to  be  carried  on,  serve  to  determine  the  most  practical  kind  of  equipment 
The  estimator  can  readily  develop  an  accurate  allowance  for  the  material  by  keeping  in  mind 
the  equipment  he. has  available.  The  material  unit  usually  consists  of  fuel  unless  the  necessary 
pumps  are  not  at  hand,  in  which  case  rental  wUl  greatly  increase  the  amount  to  be  estimated. 
The  labor  unit  would  include  the  settihg  and  maintenance  of  pumps. 

7.  Backfill. — Backfill  includes  the  cost  for  refilling  the  oversize  excavation  made  to  allow 
for  concrete  forms,  etc.  The  quantities  can  be  listed  from  the  drawings.  The  estimated  cost 
per  cubic  yard  usually  runs  about  50  %  less  than  the  excavating  unit,  as  the  ground  is  well  broken 
up  and  invariably  the  original  material  excavated  is  close  at  hand. 

8.  Disposal  of  Surplus  Excavation. — The  construction  of  the  substructure  will  generally 
net  a  yardage  of  surplus  excavation,  the  disposition  of  which  depends  upon  the  level  of  the 
fioor  area.  Ground  levels  are  taken  by  dividing  the  entire  surface  into  squares  and  reading  the 
rod  at  the  corner  of  every  square.  These  levels  will  then  determine  whether  it  is  necessary 
to  estimate  either  the  grading  or  the  filling  of  the  lot.  Should  the  site  be  low,  the  surplus  exca- 
vation is  usually  estimated  to  be  spread  in  addition  to  such  fill  as  must  be  procured  elsewhere. 
The  source  and  cost  of  this  additional  fill  must  be  the  result  of  investigation  of  local  conditions 
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» 
Should  the  lot  levels  prove  to  be  high,  the  disposition  of  surplus  excavation  must  be  considered 

in  the  estimate. 

9.  Stractural  Steel. — Structural  steel  costs  are  frequently  listed  in  the  General  Contract 
estimate  in  summarized  form  under  the  headings — Material  and  Erection,  Material  includes 
estimated  expense  incident  to  manufacture  and  delivery  at  the  job  site.  Erection  includes 
expense  estimated  to  unload,  erect,  and  paint  structural  steel,  as  well  as  all  erecting  equipment 
costs. 

Structural  steel  costs  are  based  on  weight.  The  following  practice  to  be  used  for  the  in- 
voicing of  bridges,  buildings,  and  other  structures,  has  been  adopted  by  the  Structural  Sted 
Society  as  representing  standard  practice  to  be  followed  in  all  cases  where  other  provisions  are 
not  made  in  the  contract  or  specifications.  These  items  have  a  direct  bearing  on  the  price 
and  should  therefore  be  of  assistance  to  the  estimator. 

Weights. — Structural  steel  sold  at  a  unit  price  per  pound,  hundred  weight,  or  ton,  shall  be  invoiced  on  esti- 
mated, theoretical  weights,  based  on  the  detail  drawings  and  shop  bills,  using 

(a)  Rectangular  dimensions  for  all  plates. 

(6)  Overall  lengths  for  all  structural  shapes,  and  making  no  allowance  for  the  weight  of  copings,  dippings, 
millings,  punchings  or  borings. 

(herrun. — To  the  theoretical  weight  of  all  sheared  plates,  there  shall  be  added  an  allowance  for  overrun  in 
weight,  calculated  from,  and  equivalent  to,  the  percentage  of  overrun  provided  for  in  the  Manufacturers'  Standard 
Specifications  for  structural  steel  dated  April  21,  1914. 

BtMta. — All  shop  rivets  used  in  the  structure  shall  be  invoiced  at  the  following  average  weights: 

(a)  Rivets  H  in.  diametei^—  20  lb.  per  100  riveto. 

(6)  Rivets  H  in.  diameter —  30  lb.  per  100  rivets. 

(c)  Rivets  H  in.  diametei^^  50  lb.  per  100  rivets. 

(<0  Rivets  H  in.  diameter — 100  lb.  per  100  rivets. 

(«)  Rivets    1  in.  diameter — 125  lb.  per  100  rivets. 

C/)  Field  rivets  to  be  invoiced  at  actual  weights. 

Paint. — To  the  total  weight  of  the  structural  steel,  as  determined  by  the  above  methods,  there  shall  be  added 
an  allowance  for  the  weight  of  the  paint,  of  8  lbs.  per  ton  of  structural  steel,  for  each  coat. 

Pidd  Ritett  €md  BoUt. — In  furnishing  a  bill  for  structural  steel  for  any  structure,  where  no  provision  to  the 
contrary  is  made,  the  fabricating  shop  will  furnish  the  following  rivets  or  bolts  for  field  purposes. 

(a)  J/th«  ttructtire  rivets  in  the  fieldt  the  fabricating  shop  will  furnish  sufficient  rivets  of  suitable  sise,  plus  10% 
allowance  for  waste,  for  all  field  connections,  steel  to  steel;  but  will  furnish  no  bolts,  except  for  such  connections  as 
it  will  not  be  possible  to  rivet. 

(6)  //  the  etructwe  bolta  in  the  fidd^  the  fabricating  shop  will  furnish  sufficient  bolts,  of  suitable  sise,  plus  5  % 
allowance  for  waste,  for  all  fidd  connections,  steel  to  steel,  but  will  furnish  no  rivets. 

(e)  No  mieeeUaneoua  carpentry  or  masonry  bolts  will  be  furnished  by  the  fabricating  shop  in  any  case,  unless  by 
special  ivovision,  for  connecting  in  the  field,  wood  to  steel,  wood  to  wood,  or  wood  to  stone,  etc. 

id)  Erection^  or  fitting  up  bolte.  for  the  use  of  the  steel  erector,  are  considered  as  being  erection  equipment  and 
will  not  be  furnished  by  the  fabricating  shop,  unless  by  special  provision. 

The  first  step  in  estimating  structural  material  is  to  carefully  examine  drawings  and  if  odd) 
unobtainable  sections  appear  in  any  of  the  members,  a  redesign  is  made,  using  stock  on  hand. 
In  the  designing  of  structural  steel,  sections  can  frequently  be  slightly  changed  to  conform  to 
material  in  stock  without  incurring  any  disadvantage.  This  redesigning  is  seldom  necessary 
when  estimating  mill  deliveries. 

The  sequence  of  listing  members  in  the  take-off  is  about  the  same  as  that  for  erection. 
The  main  units  arc  always  listed  first. 

An  approximation  must  be  made  of  the  weights  of  many  of  the  details,  as  in  general  prac- 
tice these  may  not  ^pear  on  the  design  drawings.  This  part  of  the  estimating  must  necessarily 
be  done  by  one  familiar  with  structural  fabrication.  When  minor  members  appear  in 
quantity,  the  exact  dimensions  are  usually  developed. 

The  majority  of  shops  do  not  have  their  own  foundries  for  furnishing  castings  but  as 
cast  iron  is  used. extensively  in  many  standard  shapes  in  conjunction  with  structural  steel, 
it  can  be  conveniently  and  economically  purchased  with  the  steel.  The  most  commonly 
used  castings  are  generally  kept  in  stock. 

Starting  with  columns  of  which  there  may  be  several  of  similar  design  and  construction — 
except  for  minor  details,  such  as  punching,  small  connecting  angles,  etc. — the  materials  are 
listed  first  for  one  column  and  the  weights  multiplied  by  the  total  number  of  duplicate  columns. 
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If  two  or  more  types  of  columns  appear  in  the  design,  there  will  be  as  many  detail  lists  of  material. 
Each  list  is  multiplied  by  the  total  number  of  columns  of  that  type. 

As  the  main  sections  of  columns  or  other  members  contribute  most  of  the  estimated  weight, 
the  lengths  of  main  members  should  be  figured  with  some  degree  of  accuracy. 

The  percentages  used  for  estimating  the  weights  of  details  on  members  of  conunon  con- 
struction are  approximately  as  follows: 


Rivets 


Details 


Beams 

Roof  trusses 

Girders 

Latticed  columns 
Plate  columns  .  .  . 
Girts 


1% 
3% 
6% 
3% 
4% 
3% 


15  to  20% 
10% 

10  to  15% 
10% 
10% 


*  Beam  details  vary  considerably.     Weights  of  standard  connections  are  readily  obtainable. 

These  are  average  values  developed  by  prewar  conditions.  While  the  actual  percentages 
of  rivets  and  details  have  not  increiEu^ed,  market  conditions  have  effected  the  methods  for 
estimating  values  so  that  frequently  a  general  approximation  of  4%  of  all  members  is  made  to 
determine  weight  of  rivets,  and  the  weight  of  details  is  taken  at  ^0%  of  all  main  members. 


Detail  Take-off 


No. 

of 

pes. 

Sise 

Length 

Weight 

per 
lin.  ft. 

l8,l« 

Ls 

Small 
Ls 

Plates 

Flato 

Rivets 

Totals 

4 

2 
2 
2 
2 
2 
2 
4 
2 
2 

20  Trusses  Tl 
Ls  5     X3MXMs 
Lb  3HX3     XH 
Lb2HX2     XH 
Lb  2     X2     X>i 
Ls  2HX2HXHs 
Ls  2HX2KXM6 
Lb  2«X2HXK6 
Ls  3     X3     XK 
Ls  2     X2     XH 
Ls2HX2     XH 
Details  20% 
Rivets  3% 

40.9 
81.5 
2.0 
6.3 
8.7 
6.2 
8.9 
8.3 
7.6 
4.0 

8.7 
7.9 
3  7 
3.2 
5.0 
4.5 
5.0 
4.9 
3.2 
3.7 

« 

1,425 
1,290 

165 

• 

16 
40 
85 
55 

90 

50 
30 

650 

115 

Weight      of      one 
truss 

•    .    •        .    . 

2,880 

365 

650 

115 

4,010 

Weight       of       20 
trusses 

57,600 

7300 

13.000 

2,300 

80,200 

40 

80 

6 

6 

8 

12 

Floor  beams 
Is  10"  at  25  i 
Std.  Conn.  10"  I 
Is  12"  at  31>a  # 
Ls  3  X  3  X  H 
Bars  6  X  H 
Std.  Conn.  12"  I 
RiveU  1  % 

16.0 

20.0 
19.5 
19.5 

•    •••>• 

9.4 
10.2 

16.000 
3,780 

1.280 

1,100 

275 

1590 

240 

19,780 

2.655 

1500 

240 

24.265 

Totals 

19,780 

60,255 

7300 

13,000 

1500 

2.540 

104.465 
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The  tabulation  of  the  weight  extensions  as  practiced  in  the  above  take-of(  is  made  necessary 
by  the  different  mill  costs  of  sections.  The  general  classification  of  common  sections  according 
to  price  per  hundredweight  is  as  follows: 


Price 

Base 
Plus  10c. 
Base 
Plus  10c. 
Plus  6c. 
Base 
Plus  10c. 
Plus    5c. 

Price 

Base 

Variea 

Base 

Varies 

Varies 

Varies 

Varies 

Price 

Base 

Plus  10  c. 
Plus  10c. 
Plus  30o. 

In  addition  to  the  above  extras,  there  may  be  cutting  charges  which,  however,  are  a  direct 
fabricating  expense  and  are  included  in  vhe  estimate  of  shop  labor.  The  costs  noted  above 
represent  the  mill  prices  of  the  different  sections  and  from  a  fabricator's  standpoint  are  a  ma- 
terial  cost. 

The  summarizing  of  the  material  listed  in  the  take-off  is  simply  the  extending  of  each 
class  at  the  unit  price.  The  difference  in  cost  between  mill  and  stock  deliveries  occurs  in  these 
prices.    The  margin  for  stock  delivery  is  generally  about  $15  per  ton. 

The  estimate,  after  adding  the  approximated  costs  of  manufacturing  and  transportation, 
will  have  the  following  general  form : 


Shapes 

Sise 

I-beams  and  chaimels 

3  to  15"  inclusive 

Large  I-beams 

Over  16" 

Ancles 

3  to  6"  on  one  or  both  legs  by  }i"  thick  or  more 

Large  angles 

Over  6"  on  one  or  both  legs 

Tees 

3"  and  over 

ZecB 

3"  and  over 

H-columns 

Light  section  beams 

. 

Bars  and  Bar  Siaes 

Sise 

Rounds  and  squares 

HU>3" 

Rounds  and  squares 

Other  than  H  to  8" 

Flats 

1  to  6"  wide  by  M  to  1"  thick 

Flats 

Other  sixes 

Small  angles 

Under  3"  on  one  or  both  legs 

Small  channels 

Under  8" 

Tees 

Equal  leg  tees  under  8" 

Plates 

Sise 

PUtes 

yi"  and  heavier  up  to  72"  wide 

Plates 

Hs"  under  72"  wide 

Wide  plates 

H"  over  72"  but  under  100"  wide 

Wide  plates 

yi"  and  heavier  100"  or  more  wide 

20  trusses  Tl. 
Floor  beams. 


FoBM  OF  Steel  Estimate 

Unit        % 
Lb.  per  ewt. 

Is.  [s 19,780  at         2 .45 

80,200       Lb 60,255      2.46 2,139.71 

24.205        Small  Ls 7,300      2 .45 

104,465  lb.  Plates 13,000      2.65 344.50 

Flats 1,590      2.35 37.37 

Rivets 2.540      3.75 95.25 

Shop  paint 104,465      05 52  23. 

Freight  at  18c.  per  cwt.  plus  3  %  tax 

Shop  labor  at  f  15  per  ton 780  .00 

Drawings  at  $2  per  ton 104  .00 


884.00 
Administration,  insurance,  and  overhead,  100% 884  .00 


$2669.06 
193.68 


1768  00 


Manufacturing  cost,  f.o.b.  destination,  mUl  basis $4630 .74 

104,465  lb.  at  75c.  per  cwt 783.49 

Manufacturing  cost,  f.o.b.  destination,  stock  basis $5414 .23 

In  connection  with  freight  rates  which  can  easily  be  procured  from  railroad  freight  offices, 
a  reduction  based  on  milling  in  transit  may  sometimes  be  estimated.  For  instance,  in  case  of 
a  structure  estimated  for  mill  shipment,  a  rate  may  be  frequently  used  based  on  hauling  steel 
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from  mills  to  building  site  plus  an  increase  for  what  may  be  called  a  stop-over  privilege  at  the 
point  where  material  Ls  to  be  fabricated.  This  rate  would  affect  a  saving  over  the  combined 
freight  rates  from  mills  to  fabricating  shops  and  fabricating  shop  to  destination. 

Under  the  present  tariff  regulations  the  stop-over  privilege  is  limited  to  one  year  after 
receipt  of  inbound  property  at  fabricating  point  and  the  cost  for  this  privilege  is  l^c  per 
hundredweight.  ~ 

The  following  sample  of  estimate  of  shop  fabricating  costs  will  give  an  idea  of  the  increased 
values  as  well  as  a  general  method  for  computing: 


Trusses 
46,004  Ibi 


21  Phc^s^aoo^msjoo 


Columns 
3i;550  li^ 


^^jHtmand 

9Qy9SlTutS  ' 

35,d40/b. 


l-fO'I&25^  .   "I 
Bcfse  cnTc/ ocp  j 

Base,  andcap'  f 
l'L3^Skf     7] 


J'L  STAZtki'  loohx/h  5Z 


22  Pf6C$3  30 

11  Pieces  SX 
220Pkces  Id' 

20  .'     lef 
20    "     /»; 


\  64.00 


aaoo 


» 


3' 


L-Bracing 
/;  V4  lb. 


riOOS 
6,329lt 

/3i237lb, 


2'&3ix2j%i''  T 
2'L^'xiiW  T 
l''L2i'x2'xi'  P 

2r^2i'isili%\ 

hL2i''x2'xi'  P 

z-^  rx  rxi'  + 

n-BarfJ  it 
i  I'ffarf^!^  *- 


6  Pieces  fQ\ 

12  »'  /y , 

/e     '  6 '9'^ 

12     »  Id' 

28     '  16' 

20     »  16' 

122  Pieces  ^':27' 

-¥240     »  5 


IO.i 
0.00} 

9.0d] 
12.00 
400 
9.00 
SOO 
I5J00\ 


54.00 


Add  150  J^ 


f  411.00 
^1027.50 


Fio.  2. 


The  unit  costs  used  have  not  been  raised  to  parallel  increased  labor  and  operating  expenses, 
such  as  now  exist,  but  are  held  to  the  same  basis  as  the  shop  records  of  the  last  four  to  five  years. 
It  will  be  seen  that  150%  is  added  to  the  total  cost  to  bring  it  up  to  date.  The  letter 
"  P ''  denotes  plain  material  incurring  only  cutting  and  punching  expense.  Sections  are  sketch- 
ed opposite  the  various  items  to  make  the  general  assembly  immediately  apparent  to  the 
person  in  charge  of  pricing.  The  costs  as  given  include  all  operations  of  measuring,  laying 
out,  templets,  etc. 

Costs  of  shop  drawings  are  generally  approximated  by  the  ton  of  steel  and  may  run  from 
$0.50  to  $10  per  ton.  Like  the  fabricating  costs,  these  are  governed  largely  by  the  amount  of 
duplication  in  the  members  fabricated. 

Assuming  that  the  unit  costs  used  when  pricing  material  are  based  on  mill  shipments,  it 
may  be  desirable  to  arrive  at  the  estimated  cost  for  delivery  out  of  stock.  An  item  covering 
this  difference  is  then  entered  in  the  estimate  as  has  been  done  in  the  above  case. 

10.  Erection  of  Structural  Steel. — A  thorough  inspection  of  site  and  local  conditions  must 
be  made  before  starting  to  estimate.  Power  usually  plays  a  great  part  in  the  erection  of  the 
steel  and  if  it  can  be  obtained  cheaply  in  the  form  of  steam  or  compressed  air,  notations  to  that 
effect  are  made  on  the  estimate  sheet,  a  sample  of  which  follows:  * 
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No  compreMed  air  or  steam  available  at  site. 

Equipment 

Unload  and  reload allow  $  160 .00 

Settinc  and  dismantHng  derrick  (10  ton  70  ft.  boom) allow  170 .00 

Moving allow  50 .00 

Steel 

Unloadine—300  tons  at  1 .00 300 .00 

Bulling— 300  tons  at  1 .00  (70  ft.) 800 .00 

Erecting— 300  tons  at  8 .00. 2.400 .00 

Plumbing allow  60 .00 

RivetB-^300  tons,  20  per  ton  «  6,000  rivets  at  16c 000 .00 

Bolts— 300  tons,  3  per  ton  «  900  bolts  at  7o 63  00 

Paintr— 300  tons  at  1 .50 460 .00 

Superintendent--^  weeks  at  00 .00 300 .00 

Engineei^— 5  weeks  at  60 .00 260.00 

$6,383 .00 
Workmen's  and  Liability  insurance,  20% 1,076.60 

$6,469.60 

Railroad  fares     4  men,  2  wasrs  at  4 .00 $  32 .00 

Freight  on  tools  and  equipment — 2  cars,  2  ways  at  20 .00, 80 .00 

Coal  for  raising  300  tons  steel 8 .0  tons 

Coal  for  driving  6000  rivets 12.0  tons 

20.0  tons  at  6.00. . 120.00 

Painfr— 120  gal.  at  3.50. 420 .00 

Miscellaneous  lumber 30 .00  682 .00 


Add  percentage  for  overheads,  business  generals,  and  depreciation  of^  tools. 


$7141 .60 


As  the  insurance  is  based  on  payroll  expenditure,  it  is  necessary  to  segregate  all  field  payroll 
items.  The  estimated  equipment  costs  must  necessarily  be  based  on  the  proper  kind  of  appara- 
tus for  the  type  of  structure  to  be  erected.  Stiff-leg  and  guy  derricks  are  most  commonly 
seen  on  building  erection;  The  term  '  *  bulling ' '  is  used  to  indicate  moving  or  dragging  structural 
steel  with  crow  bars,  dolly  rollers,  or  other  make-shift  methods  when  the  haul  is  not  long  enough 
to  justify  teaming  or  other  more  regular  methods  of  transporting. 

The  cost  of  setting  up  a  stiff-leg  derrick  on  the  ground  under  favorable  conditions  will 
run  from  about  $125  for  a  70  to  85-ft.  boom,  lO-ton  rig,  to  $300  for  a  100-f  t.  boom,  20-ft.  out- 
rigger, 25-ton  capacity  derrick.  The  comparative  cost  for  setting  up  a  95-ft.  boom,  15-ton 
capacity  guy  derrick,  with  minimum  of  six  1-in.  cable  guys  is  from  $200  to  $250.  An  85-ft. 
steel  gin  pole  on  the  same  basis  would  cost  about  $80.  These  costs  are  based  on  a  wage  of 
87 Mc-  <^  hour.  50%  should  be  added  for  dismantling,  ^-in.  diameter  field  rivets 
in  factory  buildings  run  from  12  to  15c.  a  piece.  Simplified  scaffolding  and  concentrated 
rivets  as  are  common  in  bridge  work  or  heavy  loft  buildings  will  tend  to  decrease  these  costs 
considerably.    Labor  costs  for  bolting  are  from  H  to  ^3  those  for  riveting. 

The  painting  of  structural  steel  is  approximated  by  the  ton  of  material  to  be  covered. 
Light  weight  steel  will  net  additional  and  more  scattered  surfaces  than  heavy  construction. 
Extra  scaffolding  often  raises  the  price  300  %.  Proportions  for  material  and  labor  noted  in 
above  estimate  are  for  medium  weight  shop  buildings. 

The  estimated  quantity  of  coal  depends  in  turn  upon  the  estimated  tonnage  and  the  number 
of  field  rivets.  For  the  first  type  of  structure  noted  in  the  accompanying  table,  the  coal  would 
probably  figure  at  the  ratio  of  one  ton  for  every  50  tons  of  steel,  plus  one  ton  for  every  400  to 
000  rivets  depending  upon  the  proper  number  of  riveting  gangs.  When  only  one  gang  is  work- 
ing, 50  %  more  coal  is  consumed. 

An  item  covering  railroad  fares  for  such  workmen  ss  cannot  be  procured  at  the  site  is 
usually  entered  in  the  estimate.  This  item  is  mostly  a  matter  of  judgment  of  general  building 
conditions  and  in  unfavorable  building  localities  it  may  even  be  necessary  to  allow  for  the  costs 
of  commissaries  and  bunk  houses. 

Expense  due  to  planking  and  use  of  timbers  must  be  foreseen  by  the  estimator.  Parti- 
cularly in  connection  with  high  loft  building  erection  is  temporary  planking  necessary  around 
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the  derricks  and  at  floors  where  smaller  members  are  piled  and  sorted.  Timbers  are  usually 
necessary  for  compression  members  in  setting  up  derricks.  Timbers  are  also  frequently 
estimated  when  constructing  additions  to  present  buildings.  It  is  often  found  necessary  to 
support  wall  bearing  members  until  new  material  is  set  in  place. 


Approximations  of  Weights  of  Stbucturbs  and  Number  of  Shop  and  Field  Rivets 

These  are  taken  from  actual  struotures  and  will  furnish  a  basis  for  rouch  approximation  of  the  different  types 
of  steel  skeletons.  The  weights  include  the  steel  frame  only,  and  the  crane  runway  when  noted.  None  of  the 
figures  include  weights  of  cranes  or  machinery. 


Type  of  building 


No.  of  shop 

rivets  per 

ton 


No.  of  field 

rivets  per 

ton 


Weight  of  steel 

per  sq.  ft.  of 

structure 

(pounds) 


Saw-tooth  shop  bldg.,  gypsum  tile  roof,  24  ft.  to  bottom  chord  of  truss, 
6-ton  cap.  runways 


Same  building,  16  ft.  to  bottom  chord  of  truss,  no  crane  runways 


Flat  roof  factory  bldg.,  gsrpsum  tile  roof,  40  ft.  to  bottom  chord  of  truss, 
6-ton  crane  runways 


High  and  low  bay  factory  bldg.,  24  ft.  to  bottom  chord  of  truss,  6-ton 
crane  runways 


Office  buildings. 


Foundry  cupola  floor  framing  including  columns  and  checkered  steel  floor 
plates 


Yard  crane  runways 
40-ft.  span — 16  ft.  to  rail- 
40-ft.  si)an — 16  ft.  to  rail- 
60-f t.  span—- 24  ft.  to  rail- 
flO^ft.  span— 24  ft.  to  rail- 
80-f t.  span — 32  ft.  to  rail- 
80-ft.  span — 32  ft.  to  raU- 


-  10-ton  cap. 
-20- ton  cap. 
-10-ton  cap. 
-20-ton  cap. 
-20-ton.  cap. 
-30-ton  cap. 


Head  frame  over  shaft  of  iron  mine  125  ft.  high.     15  tons  working  load . 


90  to  120 

90  to  120 

100  to  130 

90  to  130 

100  to  200 

100  to  200 

130  to  200 


100  to  200 


25 


25 


19 


22 


22 


32 


30 


40 


12  to  16 

11  to  15 

14  to  20 

14  to  18 

•2  to  4 

35  to  60 

300 
500 
360 
600 
600 
725 


175  tons  • 
400  tons  • 


*  Weight  per  cubic  foot  of  building. 

••  Weight  per  lineal  foot  of  crane  trav^. 

•  Total  weight — ^light. 

'  Total  weight  if  equipped  with  crushers,  conveyors,  etc. 

11.  Brickwork. — Brickwork  is  priced  by  the  unit  of  1000  brick  (abbreviated  M).  A 
simple,  accurate  method  for  arriving  at  the  number  of  brick  is  to  list  the  area  and  thickness  of 
each  wall.  Using  standard  size  brick  which  are  2)^  X  SJ4  X  8  in.,  an  average  of  7  bricks  is 
estimated  for  each  square  foot  of  wall  of  thickness  equal  to  the  width  of  one  brick.  If  the  thick- 
ness of  the  wall  is  two  bricks  wide,  then  14  bricks  per  square  foot  are  estimated,  etc. 


Thickness  of  wall 

1  standard  brick  width— 4  in ... . 

2  standard  brick  width — 8  in 

3  standard  brick  width — 12H  in- 

4  standard  brick  width — 17  in.. . 

5  standard  brick  width — 21  in.. . 


Number  of  brick 
estimated  per  sq.  ft. 
7 

14 

21 

28 

36 


The  estimated  number  of  brick  in  a  building  is  frequently  designated  as  "wall  count."  This 
term  indicates  that  the  total  wall  areas  have  been  considered  without  deductions  for  openings, 
such  as  doors  and  windows.     It  is  assumed  that  the  expense  for  bricking  jambs,  etc.,  around 
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these  openings  is  the  same  as  the  cost  would  be  for  building  them  solid.  While  this  assumption 
may  be  correct,  the  result  does  not  indicate  the  exact  amount  of  material  to  be  purchased.  The 
following  detailed  unit  cost  is  intended  for  pricing  a  take-off  in  which  all  openings  2  X  2  ft.  or 
larger  have  been  deducted.  A  feature  for  adjusting  the  number  of  brick  estimated  with  the 
varying  thickness  of  the  mortar  joints  that  may  be  specified,  is  essential.  This  adjustment  can 
be  made  when  compiling  the  unit  price.  Assuming  that  a  standard  size  common  brick  is  to  be 
used  with  a  y^-iTL,  joint,  the  unit  cost  per  M  is  made  up  approximately  as  follows: 

Brick  f.o.b.  destination $13 .50  per  M 

Unloading 1.50      • 

$15.00  per  M 

910  brick  at  $15  per  M $13 .65 

H  bbl.  cement  at  2.40 0 .30 

1  part  lime,  IK  bu.  at  0.60 1 .05 

3  p4rt8  sand,  ^  cu.  yd.  at  1.46 0 .73 

Water : 0 .  12 

Labor  (mixing  mortar  and  laying  brick) 12  .65 

Scaffold  material 1  CO 

Scaffold  labor 2  00 

$31  50 

When  a  H-in*  joint  is  estimated,  there  are  actually  6.37  brick  in  1  sq.  ft.  of  wall.  In  order 
to  avoid  using  this  ambiguous  fraction  in  numerous  extensions,  it  has  been  assumed  that  seven 
brick  occur  in  each  square  foot  of  wall  as  noted  in  above  table.    Therefore,  for  each  1000  brick 

ft  ^7 

developed  by  the  take-off,  only  =^  of  1000,  or  910  brick,  will  really  be  used.    This  then  is 

the  number  of  brick  per  M  estimated,  that  will  need  to  be  purchased,  and  has  accordingly  been 
used  in  arriving  at  the  unit  price  per  M. 

A  simple  method  that  may  be  used  for  the  devdopment  of  this  actual  number  of  brick  required  for  1  sq.  ft.  o^ 
wall  of  thickneos  equal  to  one  brick  width,  is  to  lay  out  on  a  drawing  board  1  sq.  ft.  of  wall  including  only  stretcher 
courses.  Another  square  foot  of  wall  is  then  sketched  showing  only  header  courses.  As  these  walls  are  but  ono 
brick  width  in  thickness,  the  amount  of  brick  in  each  is  readily  determined  by  dividing  the  area  of  the  exposed  faces 
by  the  area  of  one  side  of  the  sise  brick  estimated.  If  a  header  course  is  specified  at  every  fifth  row,  then  the 
value  of  the  number  of  brick  in  the  stretcher  sketch  is  4  times  that  for  the  number  of  brick  developed  in  the  sketch 
showing  headers.  The  average  number  of  brick  per  square  foot  of  wall  is  then  determined  by  adding  4  times  the 
number  of  brick  appearing  in  stretchers  to  the  number  shown  in  headers  and  dividing  by  5. 

This  computation  can  be  made  for  any  sise  brick  and  although  the  result  is  not  100%  correct,  it  is  sufficiently 
accurate  for  any  practical  purpose.  Further  refinement  would  be  offset  by  variances  occurring  with  field  opera- 
tions and  would  be  of  little  practical  benefit. 

The  cost  of  walls  constructed  of  face  brick  backed  up  with  common  brick  is  generally  estimated  by  first  listing 
the  entire  wall  as  though  it  were  of  one  kind  of  brick.  A  second  take-off  is  then  made  of  the  face  brick.  This  is 
Bubtmcted  from  the  whole  to  obtain  the  number  of  common  brick. 

The  unit  cost  for  walls  of  brick  veneer,  usually  a  single  thickness  of  only  stretcher  courses,  often  includes  the 
metal  ties  for  bonding  the  brick  to  the  body  of  the  wall.  The  number  of  brick  occurring  in  each  square  foot  of  this 
veneer  wall  as  well  as  in  English,  Flemish,  or  any  of  the  other  numerous  bonds,  is  readily  determined  by  the  proper 
manipulation  of  the  values  developed  by  the  sketches  of  stretcher  and  header  courses  as  explained  above. 

When  oonstnieting  sills,  corbels,  soldier  courses,  etc.,  the  extra  labor  may  be  estimated  by  allowing  from  12 
to  18c.  per  lineal  foot  in  addition  to  the  cost  already  appearing  in  the  estimate,  by  including  these  quantities  with 
ihe  straight  wall  work.  Arches  likewise  entail  extra  costs.  Frequently  a  temporary  wooden  support  must  be 
built  and  an  item  of  carpentry  is  included.  , 

The  firing  of  a  kiln  of  common  clay  generally  results  in  a  percentage  of  extra  hard-burned,  slightly  undersise 
bricks,  which,  when  necessary,  may  be  bought  for  a  premium  covering  the  cost  of  selecting,  usually  about  $1 
per  M. 

In  determining  the  labor  cost  of  laying  brick,  it  is  well  to  refer  to  the  plans  to  ascertain  if  much  cutting  of  brick 
be  necessary.  Gable  end  walla  with  sloping  tops  are  bound  to  increase  the  labor  unit.  Corners,  pilasters,  reveals, 
etc.  all  retard  the  progress  of  a  mason  gang.  As  all  masons  in  the  squad  should  be  ready  simultaneously  for  the 
raising  of  the  chalk  line,  the  best  bricklayers  are  usually  placed  at  the  corners.  Especially  when  working  from  the 
interior  side  of  the  wall,  there  must  be  considerably  more  brick  apportioned  to  the  corner  man  than  to  those  along 
the  straight  wall  due  to  the  space  required  by  the  mason  to  carry  on  his  work.  The  construction  of  the  building  with 
regard  to  these  features  will  greatly  affect  the  unit  labor  cost  allowed  for  bricklaying. 

A  considerable  variance  in  the  cost  of  mixing  mortar  makes  discussion  of  that  branch  of  masonry  estimating 
rather  difficult.  It  has  been  the  writer's  experience  that  where  one  mixer  can  supply  mortar  for  5  masons,  another 
under  the  same  conditions  may  provide  for  15.     It  may  be  required  to  find  what  part  of  the  labor  cost  of  brick- 
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laying  is  esUmfited  for  mixing  mortar.  A  fair  average  would  be  to  6gure  one  day's  wages  for  the  mortar  mixer  as 
furnishing  material  for  7000  brick.  13H  cu.  ft.  or  H  cu.  yd.  of  sand  is  commonly  estimated  to  provide  mortar  for 
laying  1000  brick,  and  may  be  used  as  the  basis  of  material  quantities.  Should  the  specifications  call  for  a  1-3  or 
1-4  mix,  the  number  of  bushels  of  lime  are  determined  by  proportioning  accordingly.  As  a  bushel  contains  1.2444 
(IK)  cu.  ft.,  the  quantity  of  lime  required  is  a  simple  computation.  Again,  if  a  cement  gaged  lime  mortar  is  speci- 
fied of  1-4-10  proportions,  the  basis  of  quantities  is  the  16  parts  of  sand.  Let  the  16  parts  equal  H  cu.  yd.  and  solve 
the  other  two  volumes  accordingly. 

Referring  to  the  sample  cost  for  1000  brick,  the  proportion  of  the  l^i  bu.  lime  and  H  cu.  yd.  sand  will  be  found 
to  be  approximately  as  1-6,  whereas,  the  mixture  is  designated  1-3.  This  difference  is  caused  by  the  practice  of 
estimating  lime  in  the  dry  bulk  state  in  which  it  is  usually  purchased.  Slaking  of  lump  lime  nets  about  twice  as 
much  lime  paste,  which  is  the  basis  of  the  proportions. 

A  wall  of  face  brick  is  usually  laid  with  colored  mortar.  The  cost  of  the  coloring  per  1000  brick  is  added  in  the 
unit  cost  of  the  brickwork  before  extending.  In  the  case  of  a  wall  combining  face  and  common  brick,  where  colored 
mortar  b  used  only  for  the  face  brick,  it  is  necessary  to  furnish  the  masons  with  two  kinds  of  mortar.  This  is  some- 
what of  a  nuisance  and  necessitates  a  slight  increase  in  the  unit  estimated  labor  cost.  As  is  the  case  for  practically 
all  coloring  pigments,  the  amount  of  mortar  color  depends  upon  the  color  and  shade  to  be  developed.  For  medium 
effective  shades,  an  average  of  40  lb.  double  strength,  or  60  lb.  single  strength,  is  estimated  for  every  1000  brick. 
As  far  as  the  mortar  is  concerned,  the  coloring  is  a  matter  of  material  cost  only.  'An  increase  should  be  made  in 
the  estimated  unit  cost  for  bricklasring  when  a  light  face  brick  is  used  with  a  dark  mortar,  or  vice  versa.  These 
color  combinations  require  care  to  be  taken  when  distributing  materials  along  the  scaffold  and  also  when  building 
the  wall  so  that  there  will  be  no  discoloration  of  an  expensive  brick  that  is  used  ostensibly  for  the  sake  of  appearance. 

The  scaffold  material  item  of  $1  as  it  appears  in  the  detailed  estimated  unit  cost  of  1000  brick  is  not  intended 
to  cover  the  cost  for  purchasing  scaffold  required  to  lay  1000  brick  but  covers  the  estimated  deterioration  of  the 
contractor's  equipment  on  hand.  Due  to  the  weight  of  materials,  the  mason  requires  a  substantial  scaffcdd.  An 
accurate  estimated  cost  of  erection  must  be  the  result  of  experience  ita  the  class  of  work  to  be  encountered. 

12.  Steel  Sash  and  Operators. — The  area  of  steel  sash  is  listed  in  the  estimate  and  the  price 
per  square  foot  is  applied  separately  to  each  dififerent  class.  An  estimator  familiar  with  market 
prices  may  be  able  to  approximate  a  fairly  accurate  price  per  square  foot  for  steel  sash  includ- 
ing glass  and  glazing  complete,  but  as  a  rule  it  i  s  advisable  to  take  quotations  from  sash 
manufacturers  particularly  when  large  quantities  are  considered. 

Although  sash  are  hardly  ever  sold  by  weight,  it  furnishes  in  conjunction  with  the  number  of  joints  a  good 
criterion  for  the  comparative  price,  as  sash  with  small  size  lights  weigh  more  than  sash  with  large  sise  lights,  and  the 
increased  number  of  joints  and  ventilators  increase  the  labor  cost  of  production. 

The  estimating  of  operators  for  steel  sash  is  generally  based  on  a  unit  of  one  lineal  foot.  There  are  many  differ- 
ent makes  of  these  operators  on  the  market  with  a  wide  range  of  prices,  like  most  specialties.  For  this  reason  the 
general  contractor  usually  takes  quotations  to  determine  the  amount  to  be  allowed  in  the  estimate. 

13.  Glazing  Steel  Sash. — Glass  and  putty  are  the  two  common  materials  included  in  the 
glazing  estimate. 

The  procedure  for  taking  off  and  pricing  common  glass  as  well  as  other  materials,  must 
conform  to  the  general  methods  of  marketing.  Glass  is  usually  stored  in  cases,  the  sizes  and 
number  of  pieces  in  a  case  being  found  on  most  any  stock  list.  The  areas  of  sheets  of  the  same 
texture  in  standard  lengths  and  widths  up  to  40  in.  are  listed  in  one  group.  Glass  over  40  in. 
wide  costs  10%  more  on  the  basis  of  area,  and  is  therefore  listed  separately.  When 
estimating  odd  sizes,  the  cost  of  the  next  larger  standard  size  is  taken  plus  10  %  for  re- 
cutting.  Ventilator  glass  is  usually  of  special  size  as  the  lights  at  top  and  bottom  of  ventilators 
are  %  in.  shorter  and  the  lights  at  sides  of  ventilators  are  J^  in.  narrower  than  the  standard 
lights.  Ventilator  lights  not  touching  at  top,  sides,  or  bottom  of  ventilator,  are  generally  of 
same  dimension  as  the  main  stationary  lights.  3^-in.  wire  ribbed  glass  costs  about  30  %  more, 
and  factory  ribbed  glass  costs  about  30  %  less  than  double  strength  (D.S.)  AA  grade  clear  glass. 
Opaque  glass  as  a  rule  is  cheaper  than  clear  glass  as  the  imperf ections  cannot  be  as  readily 
detected. 

Approximately  1  lb.  of  putty  is  required  to  glase  a  14  X  20-in.  light.  H  lb.  of  putty  is  generally  estimated  for 
every  square  foot  of  standard  side  wall  type  sash,  or  1  lb.  for  every  0  lin.  ft.  of  stopping.  The. sise  of  the  openincs 
in  monitor  sash  varies  greatly,  and  approximation  of  putty  is  hardly  feasible  from  the  basis  of  area.  One  pound 
will  spread  from  4  to  6  lin.  ft.  In  all  cases,  the  above  values  include  both  the  puttying  and  back>puttying  necessary 
to  prevent  the  glass  from  bearing  directly  against  the  steel. 

Steel  sash  are  usually  estimated  to  be  glased  after  erection.  Having  no  separate  frames,  sash  are  set  whto  the 
wall  is  built.  A  large  steel-  sash  glaied  before  erection  would  be  a  delicate  article  to  handle  and  more  than  likely 
most  of  the  lights  would  be  knocked  out  by  the  various  tradesmen  working  on  the  upper  part  of  the  stnioture: 

The  general  estimated  unit  cost  per  square  foot  is  often  made  up  as  follows: 
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FonndaUtm  Wcdk. — Under  thia  heading,  geaei^ly 
speaking,  should  be  included  all  concrete  walls  below  grade. 
In  scaling  such  walls  the  quantity  scaled  should  include 
all  concrete  above  grade  which  can  be  correctly  classed  as 
a  part  of  the  foundation  wall.  For  example,  a  cellar  wall 
may  extend  a  foot  or  more  above  grade  before  reaching  the 
level  of  the  firet  floor,  yet  the  part  above  grade  will  be 
classed  ae  foundation  wall  along  with  the  part  of  this  wall 

which  is  built  below  the  grade  level.  It  is  the  usual  practice  to  include  imder  the  heading  of 
"Foundation  Walla"  all  the  concrete  walls  which  arc  below  the  level  of  the  first  floor  and  includes 
area  walls,  pit  walls,  etc.  Fig.  3  represents  a  cross  section  and  plan  of  the  foundation  wal!  ex- 
tending around  a  reinforced  concrete  building  having  a  length  of  ISO  ft,  and  a  width  of  60  ft. 
In  scaling  the  quantity  of  concrete  in  this  foundation  wall  the  sections  or  pieces  of  wall  should  be 
coDsidered  by  elevation  as  follows: 
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ExlerioT  and  Interior  Columns. — Fig.  4  represents  a  part  cross  section  showing  the  tj-pical 
exterior  columns  of  a  building  ISO  ft.  long  and  SO  ft.  wide.     Assuming  these  typical  columns  to  be 
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spaced  20  tt.  apart,  there  will  be  18  auch  columns  in  the  building  and  4  comer  columns.     The 
acaling  of  the  quantity  of  concrete  in  these  colunuia  will  appear  as  follows: 


Following  through  this  scaling  we  have  in  the  "times"  column  the  number  18,  which  de- 
notes the  number  of  typicalenterior  columns  in  eaehatory.  In  the  next 
three  columns  ot  the  estimate  sheet  are  found  the  length,  width,  and 
heightrespectively  of  the  columns  beingacaled.  Each  of  the  four  cor- 
ner columns  has  both  exterior  faces  of  the 
same  dimension,  but  the  inside  comer  is 
notchedout.  This  complicates  the  expres- 
sion representing  the  cross-sectional  area 
of  this  corner  column,  which  is  set  down  in 
the  "length"  and  "width"coIumns  of  the 
estimating  sheet.  This  expression  con- 
sists ot  two  parte.  The  first  part  repre- 
sents a  rectangular  column  and  the  second 
•part  represents  the  area  of  the  notched 
portion  of  the  column  which  is  to  be  de- 
ducted from  the  larger  area.  Comer 
columns  or  irregular  columns  should 
always  be  scaled  in  this  manner.  The 
second  story  columns  are  scaled  similar 
to  the  Gret  story  columns  above  discussed. 
As  the  concrete  brackets  only  remain  to 
be  scaled  it  is  necessary  to  count  up  the  Fio.  5. 

number  of  brackets  and  to  determine  the 

approximate  number  of  cubic  feet  of  concrete  in  one  bracket.     This  completes  the  scaling  of 

concrete  in  the  exterior  columns. 

Bquan.     Siippou  Fig.  5  Hpment*  ■  typical  interior  fint  ind  Hcond  aCory  column  of  a  building  in  which  theHUa 
14  Huae  columna.     Tbo  acsljna  Cm  tbaaa  14  Gnt  story  and  14  lecond  story  columiia  would  appeu  aa  lolloin; 
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eaent  th«  croas-BSFUDiiid  ann  of  tlie  cDlunin.  It  it  beat  to  do  this  br  notina  the  dism- 
(  ume  in  panntbesia.  Immediatflty  [oUowiag  ehould  be  noted  ia  squBre  feet  Che  crD»- 
s  of  the  column.  The  "height"  column  ehould  ooaUis  the  lenith  of  the  tnember from  Booi to  thelevel 
m  of  drop  pwid.  Next  ia  noted  in  the  "times"  column  the  number  of  column  heodi  (uaiuUy  the  ume 
u  the  Dumbet  of  edumna)  and  in  the  "lencth"  and  "width"  columna  the  approidDiete  Dumber  of  cubic  feet  of 
oonento  Id  the  head  which  ia  in  exooa  of  the  ihaf  t  alraadr  acaled.  The  slmilu  tabubtion  of  the  npper  itoi; 
eohuDDa  oompletea  the  acalinff  of  Interior  column  concrete. 

Floor  Slabi  and  Roof  SUA. — Scaling  the  quanliity  of  concrete  in  floor  and  roof  slabs  is  very 
simple.  Aa  in  scaling  tbe  concrete  for  beams  and  columns,  the  dimensions  should  betaken  off 
in  the  order  of  length,  width,  and  height.  For  instance,  mippoee  it  ia  necesaaiy  to  scale  the 
concrete  in  the  second  floor  slab  and  roof  slab  of  a  reinforced  concrete  building  160  ft.  long  and 
60ft  wide.  The  second  floor  slab  is  7>S  in,  thick  and  the  edge  of  the  slab  ia  set  back  2  in.  from 
line  of  face  of  building.  There  is  a.  stair  well  opening  in  the  slab  ISjj  ft  long  and  10  ft.  wide, 
'nie  roof  alab  is  6  in.  thick  and  has  no  opening.  The  quantities  of  concrete  would  appear  08 
follows: 


1         1 1 

"T  T' 

1  1  1  1  1  1  1  1  1  1  1  M  M 



::::& 

:i±5 

::±:::::±:::: 

ia  the  naturtl  teodeney  U 


it  down  the  I 


of  the  Blab  in  tha 
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"tridth"  eidDain  initeod  of  in  the  laat 
eatimatorrememberithat  whether  Hfabckin.eohiDin,  crfloorilab.theoTderof  acaling  dimenaiona  of  concrete  ehould 
■Iwaya  be  leocth.  width,  and  height.  The  thiclcnos  of  the  elsb  ia  a  very  important  dimenaion  and  should  be 
accurately  tabulated  OD  the  catimate  sheet.  Ifthe  aUb  thielcneaaif  6H  io.,  the  fraction  tabulated  in  the  "heicht" 
eolumn  ahoold  be  'H«.  Thia  ia  oneof  the  very  few  inataacee  which  oocur  inaciliog  concrete  work  when  limctiona 
haviDc  deDomlnaton  larcer  than  13  are  recommaDded. 

Drop  Paiul». — Drop  panels,  which  occur  over  the  column  heads  of  flat  slab  designs  should 
be  con^dered  as  small  floor  or  roof  slabs  when  being  scaled  for  estimate  purposes.  Thequantity 
of  concrete  in  the  drop  panels  shown  under  the  floor  slab  and  roof  stab  in  Fig.  5  would  appear 
on  the  estJmate  sheet  as  shown  below. 
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IToS  Btanu. — Under  the  beading  "WaU  Beama,"  must  be  included  the  curtain  walls, 
par^Mt  beams,  and  other  similar  structural  members.  In  Fig.  4  is  shown  a  typical  wall  beam 
and  parapet  beam  in  a  building  160  ft.  long  and  SO  ft.  wide.  The  exterior  columns  are  20  ft 
apart.    The  concrete  in  the  wall  beams  and  parapet  beams  will  appear  as  follows: 


The  aipmalon  within  the  br^eea  reprnenta  the  total  actual  length  of  wall  b«iD.  Within  the  bracea  we  God 
0  eipreanooa,  the  first  endoaed  io  brackets  and  the  lut  io  parentheais  only.  The  first  of  thne  tepreaenta  tha 
rimaterof  the  building  and  the  secoDd  the  total  length  of  column  faces  which  should  bededucted  from  theperim' 
« in  order  to  arrive  at  the  actual  total  length  of  wbU  b^am.  The  parapet  ii  acaled  in  a  similar  manner  but  no 
ductioDs  are  made  except  Cor  overlappiog  cornera.     It  will  be  found  that  erron  will  be  avoided  if  wall  beama. 
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Interior  Floor  Beamt. — Interior  floor  beams  are  uguaU^  scaJed 
by  simply  noting  ic  tlie  "description"  column  the  location  or  index 
number  of  the  beam  or  beams.  Thn  "timee"  column  should  con- 
tain the  number  of  identical  beams,  and  the  "length,"  "width,"  and 
"height"  columns  should  be  used  accortUng  U>  rulinp  set  forth 
throughout  the  preceding  pages  of  this  chapter.  The  height  of  a 
beam  should  always  be  taken  exclusive  of  the  slab  thickness.  Beams 
around  stair  openint^  should  be  treated  in  the  same  way  except  that 
sketches  of  the  cross  section  of  the  beam,  should  usually  be  made  in 
j,,g  g  the  "description"  column  as  a  help  in  determining  the  form  work  sb 

explained  later  on  under  "Formwork  for  Beams."     For  instance,  if 
re  havetwo  stair  well  beamaasshown  in  Fig.  8  tbequanti  ties  of  concrete  would  appear  as  follows: 


Partitiotu. — Concrete  partitions  are  scaled  in  the  same  manner  as  interior  concrete  beams. 
In  the  "description"  columnshouldbenoted  the  approximatelocation  or  character  of  the  parti- 
tions and  the  remaining  columns  of  the  estimate  sheet  are  to  be  used  as  hereinbefore  set  forth, 
always  bearing  in  mind  that,  in  this  case,  the  thickness  of  the  partition  is  the"widlh  "or second 
dimension  scaled.  Theconcrete  quantities  appear  below  for  the6-in,  Concrete  partitions  shown 
in  Fig.  6  and  occurring  on  the  first  and  second  floors  of  a  building  having  a  story  height  of  about 
lift 


Windoa  8iUt  and  Capin^i. — Concrete  window  silb  and  copings  are  scaled  by  the  linear 
foot  and  in  taking  oS  the  quantity  of  each,  the  work  proceeds  by  elevations.  For  instance,  in 
the  "description"  column  should  appear  the  words  "south  elevation"  after  which  should  ap- 
pear in  the  "times"  and  "length"  columns  the  number  and  length  of  the  window  sills  or  coping 
on  the  south  elevation.  The  enat,  north,  and  west  elevations  should  then  be  conaidered  in 
turn.  A  croBB-eectional  sketch  or  notation  as  to  size  of  sill  or  copii^  should  be  made  in  the  . 
"description"  column,  as  a  help  in  determining  the  correct  unit  price  per  linear  foot  when 
the  work  of  pricing  the  estimate  is  to  be  done.  The  following  illustrates  the  proper  method  of 
scaling  window  sills.  Should  concrete  copings  occur  on  top  of  brick  parapet  walls  similar 
methods  should  be  observed. 
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StaxTB  and  Landings, — Fig.  7  represents  the  flight  of  reinforced  concrete  stairs  shown  in 
Fig.  6.  In  order  to  "scale"  the  stairs  it  is  necessary  to  count  the  number  of  nosings  (18  in 
this  case),  and  set  the  number  down  in  the  "length''  column.  The  "width''  column  should 
contain  the  length  of  each  nosing  from  wall  to  outer  edge.  The  product  of  the  two  dimensions 
will  give  the  linear  feet  of  nosing  which  should  be  taken  as  the  standard  of  measure  for  con- 
crete stairs.  The  landings  are  measured  by  the  square  foot  and  the  landing  beams  may  be 
negiectedy  as  in  pricing  out  the  cosh  of  the  landing  per  square  foot,  proper  allowance  is  made 
for  the  !extra  cost  of  the  landing  -beam.    The  thickness  of  the  landing  slab  may  also  be 


ntSBconctfbor 


Section  Through  Stairs 
Fia.  7. 

neglected  as  in  the  case  of  the  stairs.  Concrete  stairs  and  landings,  unless  of  special  design, 
may  be  considered  in  this  manner  without  appreciable  error  in  cost  estimating.  Below  is  given 
the  proper  scaling  of  the  concrete  stairs  and  landing  shown  in  Figs.  6  and  7. 


1      J 

;""  ^  "T 

C  }firf  fm-  *■ 

tt'Ii^aTL^lii'diL 

8E'        ^                                                                                 -,                                       - 

s.  \nr  lyt  u 

!^Z-              J9- 

Z.^aI            -                  l             2l 

J.Q. 

— '  -^  ^             "^                   '•'            ^£. 

n 

J.  2. 

^' ^2             ^                    ■              ^^ 

.   ...  -.       J—    . 

Paving, — Ck>ncrete  paving  is  a  term  applied  to  anunreinforced  concrete  slab  resting  on  earth 
fill,  such  as  a  basement  floor  or  the  first  floor  of  a  building  where  no  basement  is  called  for.  In 
scaling  the  quantity  of  concrete  in  a  concrete  paving  the  same  rules  are  observed  as  laid  down 
for  a  concrete  slab.  The  concrete  in  a  piece  of  paving  5  in.  thick  and  160  ft.  long  by  60  ft. 
wide  would  appear  on  the  estimate  sheet  as  follows: 
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Oranolithic  Finish. — Scaling  the  quantity  of  granolithic  finish  in  a  building  is  done  at  this 
stage  of  the  estimate  because  the  surfaces  having  granolithic  finish  applied  to  them  have  already 
been  scaled,  and  it  is  simply  a  matter  of  referring  to  previous  dimensions  in  order  to  determine  the 
quantity  of  granolithic  finish  required.  For  instance,  if  the  second  floor  slab  previously  scaled 
is  to  be  finished  with  a  granolithic  finish  of  the  "laid  after"  type,  and  on  the  paving  above  an 
integral  granolithic  finish  is  called  for,  the  granolithic  finish  dimensions  would  appear  on  the 
estimate  sh^  as  fdllows: 
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Carborundum  iZubbinfj. — The  area  of  the  surfaces  to  be  treated  with  carborumdum  rubbing 
can  be  more  easily  deteimined  if  left  until  the  formed  surfaces  have  been  determined.  This 
will  be  taten  up  io  another  part  of  the  chapter. 

Sc,  Focmwork. — If  the  foregoing  rules  have  been  carefully  followed  in  regard  to 
scaling  concrete,  the  nork  of  determining  the  amount  of  fonnwork  neceeaary  to  mould  the  con- 
crete may  be  very  easily  done  with  practically  no  further  reference  t«  the  drawings,  and  at  the 
same  time  the  results  are  accomplished  in  the  least  possibte  time.  In  writing  out  the  form  di- 
mensions it  is  necessary  to  refer  to  the  concrete  dimcuHions  and  copy  such  figures  as  will  give 
the  formed  surfaces.  As  but  three  columns  of  the  estimating  sheet  are  needed  in  tabulating 
the  dimensions  for  formwork,  the  second  or  "times"  column  is  left  blank  and  the  remaining  three 
columns  used  for  this  work.  Very  little  "description"  is  needed  in  writing  out  formwork  dimen- 
sions, since,  in  order  to  learn  the  character  of  the  work  formed,  it  is  necessary  only  to  turn  back 
to  the  concrete  scaling  corresponding  to  the  formed  surfaces  in  question.  Enough  description 
flhould  be  given  in  the  "description"  column  to  make  it  easy  to  identify  the  form  dimensiona 
with  the  concrete  scaling. 

Forms  for  Exterwr  and  Interior  Footings. — The  form  dimen«ona  for  the  concrete  footings 
as  scaled  from  Fig.  2  are  shown  properly  written  out  below. 


The  fint  oumbH- written  Diitiii22andrepTeeenti  the  number  ol  {twtingi  iKuig  (ormed.  The  aecand  dlmen^OB 
la  19H  ind  represrntj.  the  perimeter  ol  tbe  lower  block.  The  third  dinension  La  IM  .nd  reprfunts  Ibe  heisht  in 
feet  of  the  lower  block.  On  the  next  linn  below  ocour  the  dimeiuioiu  at  the  formed  BUjfKxa  of  the  upper 
bloek  of  the  exterior  footings  treated  in  the  Mme  manner.  .  The  interior  footings  are  treated  in  thesame  way.  The 
product  of  theae  figum  as  ahown  will  give  the  surfacee  of  concrete  in  the  (ootinci  which  muat  b«  provided  with 
iorma,  and  ia  to  be  priced  out  in  the  Mtimate  u  "surfaee  meaiurement." 

Forms  for  Foundation  Walls. — In  scaling  the  forms  for  foundation  walls  it  muat  be 
remembered  thatboth  sides  of  the  wall  are  tobeformed,  hence  the  first  figure  written  down  must 
be  the  figure  2.  Thefigures  shown  below  represent  thecorrect  tabulation  of  theform  dimenaionB 
for  the  concrete  foundation  wall  as  scaled  from  Fig.  3. 


Fint  tlie  Ggure  2  deootea  that  two  eidea  are  {ormed.  Neit  in  order  ia  found  the  length  of  the  wall  to  be 
formed,  and  iMt  the  hdcbt  of  the  fotmwork.  Both  the  lenRth  and  height  dimr^neiona  of  the  wall  are  taken  directly 
from  tbe  coDcrote  Buling.     The  piers  are  projectiuna  on  (he  Face  of  the  wall  and.  aa  the  face  of  the  pier  ia  already 

plete  the  foundatioa  wall  forms.  Tbe  corner  piers  do  not  increase  the  amount  of  formed  aurface  and  msy  be 
neglected  in  writing  out  the  form  dimenaiona.  Formi  must  be  provided  for  the  edge  of  the  paving  oonoretA  and 
this  is  usually  added  to  the  foundation  wall  forms. 

ForvM  for  Exterior  and  Interior  Cobimns. — ^In  writing  out  the  form  dimensions  for  exterior 
columns  and  other  rectangular  or  notched  columns,  the  same  rules  are  followed  ae  have  been  laid 
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down  for  footing  forms.  There  are  but  three  dimcnBionfi  or  cumbers  to  write  down  on  the 
estimate  sheet,  vis.,  number  of  columns,  perimeter  of  column,  and  height  of  the  surface  formed. 
These  dimensiomi  may  be  taken  directly  from  the  concrete  scaling. 

The  tornu  f  orround  cdumm  and  column  headB  kfe  uiually  made  of  sheet  eUel  oriioD  Bnd  (nalend  of  detcrmin- 
iBBtbeMiUKleetoflorined'turfaceitianeceMBty  only  to  li»l  the  nuniberofcoluniin  formed,  the  diameter  and  the 
hsicfat  of  the  columni.  The  fornis  for  the  brai'krlB  are  determined  by  simply  listing  the  number  of  brackelB  and 
deiermining  the  nppronm&te  nunibcr  of  square  feet  in  one  bracket.  The  rormcd  surface  of  the  bracket  should  be 
liept  separate  from  the  main  eolumn  forms  as  the  unit  price  ot  labor  is  at  least  double  for  (his  work.     Bdow  will  be 


Forms  for  Floor  Slabs  and  Roof  Slab. — In  writing  out  the  forms  for  flat  slabs  it  is  only  neces- 
sary to  determine  the  area  of  the  slab.  The  length  and  width  dimensions  of  the  slab  are  taken 
directly  from  the  scaled  dimcDfiions  of  the  concrete  without  reference  to  the  plans.  The  areas 
of  the  bottoms  of  the  drop  panels  should  be  deducted  by  referring  to  the  scaling  of  the  concrete 
in  the  drop  panels.  If  the  slab  forms  are  for  the  beam  and  girder  type  of  floor,  the  area  of  the 
slab  is  determined  as  above  and  then  the  beam  bottoms  are  deducted  from  the  slab  areas.  To 
deduct  the  beam  bottoms  it  is  necessary  to  refer  to  the  scaled  dimensions  of  the  floor  beams  and 
girders  and  select  the  dimensions  which  represent  the  bottom  surfaces  of  all  beams  occurring  in 
the  floors.  Deductions  for  openings  are  made  from  form  quantities  only  when  the  area  equals 
or  exceeds  25  sq.  ft.,  and  then  the  full  opening  .'should  not  be  deducted  as  an  allowance  must  be 
made  for  the  formwork  required  to  form  the  concrete  at  the  edge  of  the  opening.  The  forms  for 
the  concrete  floor  and  roof  slab  scaled  on  p.  1(M9  have  been  properly  written  out  below  andcom- 
parisons  should  be  made  with  the  concrete  scaling  in  order  to  fully  undetstand  the  method. 


Forma  For  Drop  PaneU. — Drop  panels  are  part  of  the  floor  slab  concrete  and  as  the  areas 
of  the  bottoms  of  the  drop  panels  have  been  deducted  from  the  floor  slab  it  is  necessary  to  add 
this  area  bock  again  under  this  heading.  The  formed  areas  of  the  edges  should  also  be  added 
to  the  area  of  the  bottoms.  No  deduction  is  made  for  the  opening  in  the  bottom  of  the  drop 
panel  form  where  the  column  head  joins  the  drop  panel.  The  dimensions  written  out  below 
represent  the  formed  areas  of  the  concrete  in  the  drop  panels  as  scaled  from  Fig.  9. 
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Formt  For  Wall  Beams. — To  properly  write  out  the  forma  for  wall  beams,  curtain  walla, 
parapet  beamiS,  etc.,  it  ia  neceaaary  to  observe  the  rules  laid  down  for  foundation  walls.  Both 
sides  are  formed,  hence  the  necessity  of  the  figure  2  appearing  before  the  dimenwon  representing 

the  linear  feet  of  wall  beam.  The  height  of  a  wall  beam  is  figured  from  the  inside  vertieat  height. 
As  this  leaves  the  outside  edge  of  the  floor  slab  without  forma,  it  is  necessary  to  add  an  area 
of  formed  surface  equal  to  the  perimeter  of  the  building  multiplied  by  the  thickness  of  the  floor 
slab.  This  takes  account  of  all  exposed  surfaces  to  be  formed  except  the  projecting  sides  of 
the  concrete  in  the  columns  at  the  floor  level  for  a  height  equal  to  the  thickness  of  the  floor 
eiab  only.  This  ie  so  small  that  it  may  be  neglected.  The  forms  for  the  parapet  are  written 
out  following  the  same  principles  as  outlined  for  wall  beams.  The  forms  for  the  wall  beams  and 
parapet  in  Fig.  4  have  been  properly  shown  below  and  comparisons  with  the  corresponding 
concrete  scaled  from  Fig.  4  should  be  made. 


Forme  For  Interior  Floor  Beamt. — If  no  sketches  appear  in  the  "description"  column  of  the 
scaling  of  the  concrete  in  the  floor  beams,  it  is  assumed  that  a  slab  of  uniform  thickness  rests 
upon  the  beams.  The  numlier  of  beams  and  length  of  the  beams  are  first  written  down  as  for 
other  concrete  members  of  similar  structure.  As  the  scaled  dimension  of  the  beam  height  is 
taken  to  the  bottom  of  the  slab  only,  it  is  quite  simple  to  compute  mentally  the  sum  of  the  two 
side  dimensions  plus  the  bottom  dimension.  This  representa  the  formed  area  of  one  linear 
foot  of  beam  and  should  be  written  down  in  the  fourth  or  "width  "column  of  the  estimate  sheet. 
The  product  of  these  dimensions  will  give  the  area  of  the  formed  surfaces  of  the  interior  floor 
beams.  If  accompanying  sketches  show  that  other  tormwork  is  necessary  to  completely  form 
the  beam,  proper  additions  should  be  made  to  take  care  of  this  work.  The  formed  surfaces  of 
the  concrete  as  scaled  in  the  floor  beams  shown  in  Fig.  6  are  somewhat  irregular  as  they  occur 
at  stair  openings.     The  quantities  of  this  formwork  appear  below. 


forms  For  Partitiont. — In  writing  out  the  formed  areas  of  concrete  partitions,  the  same 
rules  are  observed  as  for  other  wall  forms.  Openings  are  not  deducted  unless  the  area  of  the 
opening  equals  or  exceeds  25  sq.  ft.  The  formed  areas  for  the  concrete  partitions  shown  in  Fig. 
6  are  given  below. 
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Forme  For  Window  SiUx,  Copingi,  Slairg  and  Landings. — No  formed  areas  bm  computed 
for  window  sills,  copings,  stairs  and  landings  as  the  unit  price  appearing  opposite  the  summarized 
quantity  of  concrete  is  made  up  to  include  the  cost  of  formwork  and  reinforcement  as  well  as 
concrete,  hence  the  forms  are  not  written  out. 

Formed  S-urfacea — Carborundum  Rubbed. — Eeferring  back  to  the  subject  of  carborundum 
rubbing,  since  the  form  dimensions  are  written  out,  it  is  very  simple  to  determine  the  square 
feet  of  surface  to  be  rubbed.     This  may  be  done  very  quickly  by  picking  out  from  the  formed 
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areas  the  surfaces  which,  according  to  specification,  must  be  treated  in  this  manner.  It  will 
be  found  most  convenient  to  leave  the  work  of  determining  th^  area  of  concrete  surfaces  to  be 
rubbed  until  after  the  extension  of  the  form  dimensions  has  been  completed.  The  surface 
measurements  of  all  formed  surfaces  will  then  be  found  in  the  ''quantity''  column  reduced  to 
square  feet,  and  the  total  area  of  the  rubbed  surfaces  may  be  quickly  determined. 

2d.  Reinforcement — Scaling  the  quantity  of  reinforcement  in  a  concrete  build- 
ing is  a  process  by  which  the  tonnage  of  steel  bars  is  obtained.  It  is  not  necessary  to  make  a 
schedule  of  the  bars  in  the  entire  building,  as  it  means  a  large  amount  of  tedious  work  and  in 
the  end  the  same  result  is  obtained.  Footing  reinforcement  is  usually  scaled  by  listing  .the 
size  of  the  bars  first,  then  the  number  of  bars  needed,  and  finally  the  length  of  the  bar  itself. 
Oftentimes  it  will  be  found  convenient  to  compute  the  number  of  pounds  of  reinforcement  in  a 
footing  and  then  multiply  by  the  number  of  footings.  Reinforcement  in  foundation  walls 
may  be  figured  at  the  number  of  pounds  per  square  foot  of  wall.  Column  reinforcement  is 
usually  taken  off  the  plans  in  detail,  listing  the  size,  number  of  bars,  and  the  length  of  the 
bars  in  the  regular  order.  Slab  reinforcement  is  almost  always  computed  on  the  square  foot 
basis  and  all  beam  reinforcement  by  the  number  of  pounds  per  lineal  foot  of  beam.  Curtain 
wall  and  partition  reinforcement  is  computed  by  the  number  of  pounds  to  a  square  foot  of 
reinforced  surface.  In  computing  reinforcement  on  the  square  foot  and  lineal  foot  basis,  care 
must  be  taken  to  allow  for  all  secondary  steel,  laps  for  bond,  stirrups,  construction  bars,  waste, 
etc.  It  will  require  careful  practice  in  order  to  scale  reinforcement  accurately  by  this  method, 
but  once  thoroughly  understood,  it  will  Be  found  a  very  reliable  and  rapid  method.  The  rein- 
forcement is  listed  in  the  same  order  as  the  forms  and  the  different  types  may  be  easily  grouped 
for  pricing. 

%e.  Excavation — General  or  Steam  Shovel  Excavation, — General  excavation  is 
the  term  applied  to  the  process  of  removing  the  earth  for  basements,  or  cutting  down  the  grade 
to  the  paving  level.  General  excavation  does  not  include  the  excavation  for  the  footing 
holes  below  the  paving  level  or  other  small  excavated  areas  where  hand  work  entirely  must 
be  used.  Steam  shovels,  scraper  diggers,  or  hand  work  may  be  used  in  general  excavation 
and  when  the  quantity  is  scaled  for  estimating  purposes,  notation  should  be  made  of  the  prob- 
able method  to  be  employed  in  doing  the  work.  In  scaling  the  dimensions  for  general  excava- 
tion the  order  should  be  the  same  as  for  scaling  concrete  work,  viz.,  length,  width,  and  height, 
and  should  be  written  down  in  the  proper  columns  of  the  estimate  sheet.  Proper  allowance 
should  be  made  for  slope  of  the  earth  work  outside  of  the  exterior  footing  when  the  length 
and  width  dimensions  are  scaled.  If  the  general  excavation  is  done  by  hand,  vertical  sheeting 
may  be  used  instead  of  excavating  to  a  slope.  All  these  conditions  should  be  noted  ui  the 
''description"  column  when  the  scaling  is  done. 

Footing  Excavation, — The  labor  of  removing  earth  for  footing  holes,  pits,  trenches,  etc., 
is  nearly  always  done  by  hand  and  should  be  described  on  the  estimate  sheet  as  "Footing 
Excavation."  In  scaling  the  quantities  for  footing  excavation  the  nature  of  the  soil  to  be 
removed  should  be  noted  as  well  as  the  location  of  the  footing  hole  in  respect  to  the  plans.  Foot- 
ing holes  excavated  to  a  depth  exceeding  4  ft.  should  be  scaled  net,  that  is,  add  but  6  in.  to  the 
length  and  width  dimensions  of  the  footing  for  the  size  of  the  excavated  hole.  This  allows  for 
the  thickness  of  the  sheeting  lumber  generally  used  in  connection  with  footing  excavation 
exceeding  4  ft.  but  not  exceeding  10  ft.  in  depth.  In  scaling  footing  excavation  when  the 
depth  is  less  than  4  ft.,  no  sheeting  is  used  but  proper  allowance  is  made  in  scaling  dimensions 
to  allow  for  the  slope  of  the  earth  work.  When  sheeting  is  used  for  footing  excavation  the 
sheeting  usually  serves  as  formwork  for  the  lower  block  of  concrete  in  the  footing. 

Backfill, — Backfill  is  a  term  applied  to  the  labor  of  rehandling  excavated  material  after 
the  footings  have  been  placed  and  it  becomes  necessary  to  fill  in  around  the  footing,  wall,  or 
other  foundation  work.  This  quantity  usually  equals  the  amount  of  earth  removed  in  excavat- 
ing for  the  footing,  as  the  amount  of  earth  which  is  left  after  the  footing  hole  is  properly  back- 
filled must  be  rehandled  and  disposed  of  in  some  other  way.  Where  the  earth  work  is  a  large 
part  of  the  job  operations,  the  backfill  and  general  disposition  of  excavated  material  should  be 
carefully  considered. 
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Sheeting. — As  the  form  dimensions  are  written  out  from  the  scaled  dimensions  of  the 
concrete  work,  so  are  the  sheeting  dimensions  written  out  from  the  scaled  dimensions  of  the 
excavation.  Sheeting  is  estimated  by  the  square  feet  of  surface  measurement  of  earth  retained. 
No  allowance  is  made  for  the  distance  the  sheeting  penetrates  the  ground  below  the  bottom 
of  the  excavated  hole  or  for  the  distance  above  the  top  of  the  earth  work  retained. 

2/.  Masonry — Brick  Work. — Brick  work,  where  more  than  4  in.  thick,  is 
estimated  by  the  cubic  foot.  In  order  to  determine  the  cubic  feet  of  brick  work  in  a  wall, 
the  dimensions  are  scaled  in  the  same  manner  as  outlined  for  '' Concrete  Partitions."  In 
scaling  the  brick  work  in  the  exterior  walls  of  a  building,  the  work  should  be  done  by  elevations 
and  adequate  description  given  to  make  it  easy  to  check  over  the  work  to  see  if  any  part  has 
been  omitted.  The  quantities  should  contain  the  actual  number  of  cubic  feet  of  brick  work 
to  be  built  and  no  more.  All  openings  should  be  deducted  exactly  as  they  are  shown  and  no 
allowances  made  in  the  quantity  to  take  care  of  work  which  may  be  more  or  less  expensive  to 
construct  than  the  average  unit  price  will  pay  for.  After  the  actual  cubic  feet  of  brick  work 
in  a  building  is  determined,  the  unit  price  should  then  be  made  up  to  correspond  with  the  class 
of  w^ork  to  be  built. 

Brick  Veneer. — Brick  veneer  is  usually  laid  up  4  in.  thick  and  is  so  noted  in  the  "description" 
column  together  with  other  notations  regarding  the  character  and  location  of  the  work.  As 
brick  veneer  is  estimated  by  the  square  foot  in  scaling  the  quantity,  it  is  necessary  to  determine 
the  length  and  height  only  of  the  work,  using  columns  No.  4  and  No.  6  in  which  to  write  down 
these  dimensions.  The  work  should  proceed  by  elevations  as  in  the  case  of  scaling  other  classes 
of  brick  work. 

Terra  CoUa  Partitions. — Partitions  built  from  hollow  terra  cotta  blocks  are  estimated  by 
the  number  of  blocks  laid  up  in  a  wall.  As  nearly  all  hollow  terra  cotta  blocks  have  a  face 
measurement  of  one  square  foot  each,  the  number  of  blocks  in  the  terra  cotta  wall  corresponds 
to  the  number  of  square  feet  in  the  face  of  the  partition.  In  scaling  the  square  feet  of  terra 
cotta  partition,  it  is  necessary  to  observe  the  same  methods  as  were  laid  down  for  scaling 
"Concrete  Partitions."  Notation  should  always  be  made  in  the  "description"  column  regard- 
ing the  type  of  bloclc  specified  and  the  thickness  of  the  partition.  All  deductions  should  be 
accurately  made.  It  may  be  stated  here  that  the  mortar  joints  in  the  work  offset  the  usual 
breakage  of  the  blocks  in  transit  and  no  allowance  therefore  need  be  made  for  either  mortar 
joints  or  breakage. 

2g  Plastering. — Plastering  is  measured  by  the  square  yard  of  surface  measure 
and  the  dimensions  making  up  the  quantity  are  usually  taken  directly  from  the  scaled  dimen- 
sions of  the  terra  cotta  partitions,  ceilings,  walls,  or  other  surfaces  in  a  manner  similar  to 
tlie  way  in  which  carborundum  rubbed  surfaces  are  determined.  In  the  "description"  column 
should  be  noted  the  number  of  coats  called  for,  kind  of  cement  specified,  and  other  notations 
helpful  in  deciding  upon  proper  unit  prices. 

2h.  Steel  Sash. — In  estimating  steel  sash,  the  important  points  to  consider  are 
size  of  opening,  uniformity  of  size  and  type,  percentage  of  ventilation,  and  operation.  The 
"description"  column  should  contain  information  relative  to  all  these  points.  In  scaling  the 
size  of  the  opening  the  number  of  identical  sash  should  first  be  listed  in  the  second  column  of 
the  estimate  sheet.  The  length  and  height  of  the  openings  should  follow  in  the  third  and 
fourth  columns  respectively.  The  sash  openings  should  be  scaled  by  elevations  as  by  this  method 
omissions  of  a  large  character  would  be  quickly  noted  when  the  dimensions  were  extended. 

2t.  Glass  and  Glazing. — After  noting  in  the  "description"  column  the  kind 
and  size  of  glass  specified,  it  is  a  simple  matter  to  determine  the  number  of  square  feet  of  glass 
required  to  glaze  the  scush.  For  estimating  purposes  it  is  sufficiently  close  if  we  assume  that 
90  %  of  the  sash  area  is  made  up  of  glass.  Therefore,  the  glass  required  is  usually  carried  out 
on  the  estimate  sheet  as  90  %  of  sash  area. 

2^.  Doors,  Frames,  and  Hardware. — In  listing  the  doors,  frames,  and  hardware 
in  a  building,  the  doors  should  be  considered  individually  or  by  types.  The  location  and  char- 
acter of  the  door  should  be  noted  in  the  "description"  column  together  with  notations  as  to 
frame  and  hardware.     In  writing  down  the  size  of  the  door,  the  width  should  be  first  con- 
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sidered  and  the  height  last.  For  instance,  a  door  2  ft.  8  in.  wide  by  6  ft.  8  in.  high  should 
appear  on  the  estimate  sheet  as  %  X  %.  The  number  of  doors  of  a  kind  is  written  down  in 
the  '' summary*'  column  as  the  scaling  is  done. 

%k.  Light  Iron  Work  and  Miscellaneous  Iron. — No  special  ruling  can  be  set 
down  as  governing  the  scaling  of  light  iron  work  for  general  estimating  purposes.  The  estima^ 
tor  should  list  intelligently  all  such  material  and  at  the  same  time  endeavor  to  scale  the  dimen- 
sions in  a  manner  which  will  result  in  the  quantity  being  reduced  to  the  proper  basis  for  pricing 
out.  Pipe  hand  rails  should  be  in  lineal  feet,  safety  stair  treads  in  lineal  feet,  steel  inserts 
by  the  piece,  cast-iron  scuppers  by  the  piece,  and  curb  angle  guards  by  the  lineal  feet  at  so  many 
pounds  per  foot,  etc.,  etc  It  is  also  customary  to  carry  out  in  the  "  total' '  column  a  certain 
sum  of  money  decided  upon  in  the  judgment  of  the  estimator  as  adequate  to  cover  miscella- 
neous iron  work  not  shown  or  called  for  on  plans  or  in  specifications,  but  which  invariably  must 
be  supplied  by  the  builder. 

2Z.  Roofing  and  Flashing. — The  roofing  dimensions  are  usually  taken  directly 
from  the  scaling  of  the  concrete  for  the  roof  slab.  This  is  generally  full  measure  as  the  parapet 
beams  reduce  the  roofing  area  slightly  below  the  slab  area  but  as  roofing  is  measured  in  units  of 
squares  (100  sq.  ft.)  the  result  is  quite  correct.  In  scaling  the  roofing  area,  it  is  first  necessary 
to  note  in  the '"description"  column  the  kind  of  roofing  required  and  the  guarantee.  Flashings 
are  a  part  of  the  roofing  contract  and  should  be  scaled  immediately  following  the  roofing.  Base 
and  cap  flashings  are  estimated  by  the  lineal  foot  and  notation  should  be  made  of  the  kind 
of  metal  specified  together  with  the  tiumber  of  inches  in  width  required  to  flash  one  lineal  foot. 
Metal  gravel  strip  should  be  scaled  in  the  same  manner.  Conductor  boxes  are  estimated  by  the 
piece  and  should  be  listed  in  the  "summary"  column  accompanied  by  proper  description. 

2m.  Painting. — Painting  of  walls  and  ceilings  is  measured  by  the  square  yard  and 
as  in  estimating  the  amount  of  carbonmdum  rubbing,  the  painted  surfaces  may  be  determined 
by  referring  to  the  extended  dimensions  of  the  form  areas  of  the  concrete  work.  Other  painted 
work,  such  as  brick  walls,  terra  cotta  walls,  etc.,  may  be  determined  readily  by  referring  to  the 
quantities  already  scaled  for  this  work  and  the  total  painted  areas  then  reduced  to  square  yards 
and  written  down  in  the  "summary"  column. 

Painting  steel  sash  and  doors  is  also  measured  by  the  square  yard.  To  determine  the  amount  of  painting 
on  the  steel  sash  and  doors  of  a  building,  refer  to  the  scalings  for  the  sash  and  doors  adding  together  the  flat  areas 
just  as  though  the  entire  areas  were  to  be  painted  like  a  door.  Double  this  area  as  doors  and  sash  are  painted  two 
sides.  Then  divide  this  amount  by  9  and  the  result  is  the  square  yards  of  painting  to  be  estimated,  and  should 
appear  in  the  "summary"  column  of  the  estimate  sheet. 

Painting  light  iron,  miscellaneous  iron,  etc,  is  usually  a  small  item  and  is  not  figured  on  a  square  yard  basis, 
but  rather  by  the  judgment  of  the  estimator.  The  amount  of  money  allowed  for  this  depends  entirely  upon  the 
miaoeUaneoiis  iron  to  be  painted  and  each  job  is  considered  individually. 

2n.  Engineering,  Plans,  Etc. — Sometimes  the  builder  is  called  upon  to  include 
in  his  estimate  the  cost  of  preparing  designs  and  plans  for  the  work  to  be  estimated.  The  per- 
centage of  cost  varies  with  the  type  of  building  and  the  skill  of  the  engineers  doing  the  work. 
Ordinarily  the  plans  of  a  regular  reinforced  concrete  factory  can  be  prepared,  from  the  survejrs 
to  the  finished  drawings  and  details,  for  3  %  of  the  net  cost  of  the  completed  structure. 

2o.  Clean  Up  The  Job  At  Completion. — The  estimator  must  allow  a  sum  of 
money  suflGicient  to  cover  the  cost  of  cleaning  up  the  job  at  completion,  removing  debris  from 
the  site,  washing  windows,  and  leaving  job  broom  clean. 

2p.  Liability  Insurance. — An  item  must  be  included  in  the  estimate  whicl^  will 
cover  the  cost  of  carrying  liability  insurance  for  the  period  of  the  job.  The  rate  varies  in  differ- 
ent localities  and  with  different  contractors.  The  percentages  may  run  as  low  as  3  %  of  the 
amount  expended  for  labor  costs.  As  the  labor  expense  involved  in  constructing  a  regular 
reinforced  concrete  building  amounts  to  about  one-third  of  the  total  cost  of  the  building,  the 
amount  of  money  to  be  allowed  for  liability  insurance  premiums  is  easily  determined  when 
the  rate  is  known.  For  instance,  suppose  the  rate  is  6  %  of  the  labor  and  the  total  estimate 
amounts  to  $62,000  without  profit.  If  this  building  m  a  regular  reinforced  concrete  factory, 
the  labor  involved  would  be  about  one-third  of  $62,000  or  approximately  $21,000.  Com- 
67 
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puting  6  %  of  •  $21,000  we  have  $1260.     The  amount  of  money  carried  in  the  estimate  for  lia- 
bility insurance  premiums  could  well  be  taken  at  $1250. 

2^.  Watchman. — In  order  to  estimate  the  cost  of  employing  a  watchman  while 
a  building  operation  is  going  on,  it  is  first  necessary  to  determine  approximately  the  number 
of  weeks  required  to  construct  the  building.  This  decided  upon,  it  is  a  matter  of  computing 
the  expense  of  employing  a  watchman  for  this  length  of  time  at  a  proper  weekly  wage. 

2r.  Superintendence,  Job  Overhead,  Office  ExpenseSf  Etc. — ^Under  this  head 
must  be  included  all  the  expense  attached  to  maintaining  a  job  office,  including  the  job  super- 
intendent. It  is  the  usual  custom  to  determine  the  amount  of  this  expense  for  one  week  and 
multiply  this  amount  by  the  number  of  weeks  this  office  must  be  maintained.  Under  the  head 
of  ''Superintendence,  Office,  Etc.,"  must  be  figured  the  wages  of  the  following  men:  job  super- 
intendent, time  keeper,  chief  office  clerk,  and  tool  boy.  On  specially  large  jobs  the  office  force 
will  consist  of  more  men  than  above  listed,  while  on  a  very  small  job  the  personnel  may  be  cut 
down  by  arranging  to  have  the  chief  clerk  act  as  timekeeper  in  connection  with  his  other 
duties.  The  cost  of  telephones,  stationery,  railroad  fares,  freight  on  supplies,  building  and 
dismantling  office,  etc.,  must  be  considered.  These  are  items  which  may  be  easily  estimated 
at  too  low  a  figure;  Proper  consideration  should  be  given  to  every  expense  entering  into 
this  item  if  the  estimate  is  to  be  an  accurate  one  in  which  allowance  has  been  made  for 
proper  and  competent  job  management. 

2«.  Sundries. — It  often  occurs  that  estimates  are  made  from  plans  not  com- 
pletely finished  or  from  poorly  prepared  drawings.  The  uncertainty  attached  to  making  esti- 
mates from  such  plans  makes  it  advisable  to  conclude  the  estimate  with  an  item  for  sundries, 
the  amount  of  which  should  be  determined  in  the  estimator's  judgment  as  being  adequate 
to  protect  his  estimate  against  over-runs  due  to  his  having  omitted  some  work  implied  but  not 
shown  or  called  for.  The  amount  of  this  item  should  be  based  on  a  percentage  of  the  total 
estimated  cost  not  including  profit  and  usually  runs  from  2  to  5  %  according  to  the  condition  of 
the  plans.  It  is  very  seldom  an  estimate  should  be  prepared  without  any  allowance  for  over- 
runs due  to  unforeseen  conditions. 

2t,  Profit. — The  percentage  of  profit  is  figured  on  the  total  cost  of  the  work 
including  labor  and  material,  etc.  It  may  be  a  very  low  percentage  or  may  be  very  high,  de- 
pending entirely  on  the  basis  the  contractor  is  operating  his  business.  Eight  per  cent  is  consid- 
ered a  very  low  profit  and  the  contractor  must  do  a  large  volume  of  business  and  keep  his  job 
organization  well  employed  in  order  to  be  successful  at  this  rate.  Percentages  of  profit  will  run 
from  8  to  15  %  and  sometimes  higher.  For  ordinary  estimating  purposes,  10  %  may  be  assumed 
as  a  fair  profit  for  the  builder  of  reinforced  concrete  buildings,  unless  the  job  costs  will  run  under 
$50,000  total  cost,  in  which  case  12  %  profit  should  be  added  to  the  estimate. 

3.  Estimating  Unit  Prices. — The  two  principal  elements  which  constitute  imit  prices  in 
general  are  labor  and  material.  In  order  to  arrive  at  a  correct  unit  pric^  for  a  certain  building 
operation  it  is  necessary  to  know  very  closely  how  much  labor  is  involved  to  perform  a  unit 
of  this  work  and  also  how  much  material  will  be  required.  The  items  of  labor  and  material 
must  be  estimated  separately  and  then  combined,  comprising  as  a  whole,  the  unit  price  to  be 
used  in  the  estimate.  Every  step  involved  should  be  carefuUy  analyzed  and  correct  values  cal- 
culated for  the  labor  and  material  in  each  step.  Unit  prices  which  have  been  intelligently 
prepared  in  this  manner  will  usually  represent  to  a  close  degree  the  cost  of  the  finished  work. 

The  unit  prices  given  in  this  chapter  are  based  on  the  labor  rates  and  material  costs  prevailing  in  New  EnglazKi 
at  the,  time  this  paper  was  prepared  (August,  1919).  As  unit  costs  vary  greatly  in  different  localities  and  with 
the  changing  markets  of  labor  and  material,  the  unit  prices  shown  here  should  be  viewed  with  caution  for  estimating 
purposes.  The  volume  of  material  and  labor  being  priced  has  an  important  bearing  on  the  unit  price,  and  it  should 
be  borne  in  mind  that  a  correct  unit  price  for  estimating  purposes  should  be  built  up  from  the  circumstances  and 
conditions  peculiar  to  the  job  being  estimated  and  it  cannot  be  obtained  in  any  other  manner. 

At  the  time  this  book  goes  to  press,  common  laborers  receive  an  average  wage  of  60c.  per  hr.  Carpenters 
masons,  and  other  skiUed  building  labor  receive  90e.  per  hr. 

3a.  Concrete. — The  unit  prices  for  the  concrete  in  the  foundations  i&  made  up 
by  first  ascertaining  the  amount  of  material  and  labor  necessary  to  make  one  cubic  yard  of  con- 
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Crete  mixed  in  the  proportion  of  1-3--6.  Experience  has  shown  that  to  estimate  the  quantity 
of  cement,  sand,  and  crushed  stone  from  tables  set  forth  in  text  books  would  result  in  a  shortage 
of  materials,  as  allowance  for  a  certain  amount  of  waste  must  be  made.  It  will  be  noted  that 
in  working  out  the  amounts  of  material  in  the  following  calculation,  proper  allowance  has  been 

I 

made  for  this  waste. 

Concrete — per  cubic  yard  (1-3-6  mix) 

Cement  iMo  bbl.  at  2.77 $  3 .05 

Sand  H  cu.  yd.  at  1.96 0 .98 

Cr.  stone  IHo  tons  at  2.76 3  .58 

Plant .• 2.10 

I>abor,  mizinc,  and  placing 1 .75 

Total  coet  per  cu.  yd ' $11 .46 

(Use  $1 1.50  for  unit  price.) 

The  price  of  cement  is  obtained  from  the  cement  dealers  ($2.84  per  bbl.  f.  o.  b.  cars  job). 
In  this  price  is  an  allowance  for  4  cement  bags  which  if  returned  to  the  dealer  in  good  condition 
would  be  credited  at  10c.  each  .or  40c.  per  bbl.  A  cash  discount  of  5c.  per  bbl.  is  also  allowed  if 
payments  are  promptly  made.  Taking  advantage  of  both  these  credits  (45c.)  the  net  cost  of 
the  cement  becomes  $2.39  per  bbl.  Unloading  and  storing  the  cement  in  a  cement  shed  costs 
usually  25c.  per  bbl.  Tests  must  be  made  by  a  Cement  Testing  Bureau  to  ascertain  the  quality 
of  the  cement,  for  which  an  average  charge  of  3g.  per  bbl.  is  made.  The  loss  of  credits  due  to 
injury  to  bags  in  transit,  and  to  the  cost  of  freight  on- returned  bags  amounts  to  about  10c.  per 
bbl.  of  cement  purchased.  Allowance  being  made  for  the  above  charges,  the  price  of  cement 
becomes  $2.77  per  bbl.  and  it  is  this  figure  which  is  used  in  working  out  the  cost  of  concrete. 
The  following  calculation  shows  how  this  price  is  determined. 

Cement— Dealer's  quotation,  f.o.b.  cars  job  $2.84 

Credit  for  bags 0  .40 

Cash  discount 0  05  0 .46 


$2.39 

Unloading  and  storing  cement 0  .  25 

Testing  cement 0. 03 

I^oss  and  freight  on  empty  bags 0.10 

Totsl  cost  per  bbl $2  .77 

Sand — Dealer's  quotation,  f.o.b.  cars  job $1 .75 

Unload  and  handle  into  bins 0 .20 

Total  cost  per  cu.  yd $1 .95 

Crushed  stone*  f.o.b.  oars  job $2  .50 

Unload  and  handle  into  bins 0 .25 

Total  cost  per  ton $2 .75 

As  a  certain  amount  of  machinery,  chutes,  runways,  towers,  etc.,  are  required  in  the  process 
of  placing  concrete,  an  allowance  must  be  made  in  the  unit  price  for  the  labor  of  erecting  and 
dismantling  this  "plant  work''  as  it  is  commonly  called,  and  also  allowance  must  be  made  for 
plant  material  purchased  or  rented  for  the  duration  of  the  job.  This  item  varies  with  the  sise 
and  type  of  the  job  and  it  may  run  as  low  as  $1  per  cu.  yd.  and  in  especially  difficult  jobs  would 
cost  $3  or  more  per  cu.  yd.  of  concrete  placed.  A  plant  cost  of  $2.10  per  cu.  yd.  has  been  in- 
cluded in  the  unit  price  of  the  concrete  estimated  herein,  and  the  subdivisions  of  this  cost  are 
listed  on.  p.  1060.: 

Tlie  average  labor  cost  of  mixing  and  placing  concrete  in  a  reinforced  concrete  building  with 
common  labor  at  50c.  per  hr.  is  about  $1.75  per  cu.  yd.  when  modern  plant  equipment  is  used 
on  the  job.  A  saving  of  25c.  on  the  labor  cost  and  25c.  on  the  plant  cost  per  cu.  yd.  is  usually 
made  in  placing  paving  concrete,  making  the  unit  for  this  class  of  wor]^,  50c.  less  than  for  other 
concrete  work  of  a  similar  misc. 
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Plant  cost  per  cubic  yard  of  concrete: 

Labor  Material  or  rental  charge 

Towere 0 .20  0  .20 

Temporary  bld«B 0 .12  0 .15 

Bins  for  aggregate 0 .10  0 .20 

Mixer  and  motor. 0 .06  0 .14 

Canvaa  and  chutes 0 .05  0 .35 

Runways,  staging  and  small  tools 0 .  14  0 .24 

Fuel,  power  and  water 0.15 

Labor 0-67  Material  and  rentals  1  .43 

Total  per  cu.  yd •« $2.10. 

The  unit  price  of  concrete  mixed  in  the  proportions  of  1-2-4  and  1-1 K"^  ia  made  up  in  a 
similar  way.  No  change  is  made  in  the  quantity  of  sand,  crushed  stone,  labor,  and  plant.  The 
cement  quantity  alone  is  changed.     The  computation  for  1-2-4  and  l-lJ^-3  concrete  follows: 

Concrete — per  cubic  yard  (1-2-4  mix) 

Cement  iH  bW.  at  2.77 $  4  .«2 

Sand,  H  cu.  yd.  at  l.ft5 0 .98 

iMs  tons  of  crushed  stone  at  2.76. 3  .58 

Plant 2  .10 

Labor,  mixing,  and  placing 1 .75 

Total  cost  per  cu.  yd S13  .03 

(Use  $13  for  the  unit  price.) 
Concrete — per  cubic  yard  (1-1^-3  mix). 

Cement,  2  bbL  at  2.77 $  5  .54 

Sand  H  cy.  at  1.95 0 .98 

Cr.  stone  IHo  tons  at  2.75 3 .68  * 

PUnt 2  .10 

Labor,  mixing,  and  placing 1 .  75 

Total  cost  per  cu.  yd $13  .95 

(Use  $14  for  unit  price.) 

The  unit  price  of  concrete  window  sills  of  about  standard  size  usually  runs  around  72c.  per 
lineal  foot  including  concrete,  forms,  reinforcement,  and  finish.  The  price  of  72c.  per  lin.  ft. 
is  made  up  as  follows: 

Concrete  at  50c  per  cu.  ft $0 .27H 

Formwork  at  25c.  per  sq.  ft. 0 .25 

Reinforcement  at  0.05c  per  lb 0  .07H 

Carborundum  rubbing  (outside) 0.12 

Total  cost  per  lin.  ft $0 .72 

The  cost  of  constructing  reinforced  concrete  stairs  using  rates  of  labor  and  materials  as 
previously  noted,  is  about  $1.50  per  lin.  ft.  of  nosing.  Tendings  will  cost  about  75c.  per  sq.  ft. 
These  unit  prices  include  all  concrete,  forms,  reinforcement  and  cement  finish  necessary  to 
complete  the  stairway.     No  safety  treads  or  hand  rails  are  included. 

Granolithic  finish  1  in.  thick  laid  after  the  slab  concrete  has  set  will  cost  about  lie.  per  sq. 
ft.  for  material  and  labor.     The  unit  price  is  made  up  as  follows : 

l-in.  granolithic  finish  laid  after — ^per  1000  sq.  ft. 

Oment,  12H  bbL  at  2.77 $  34  .53 

Pea  stone,  4  tons  at  3.00 $  12  .00 

Labor  to  pick  and  clean  floor  preparatory  to  laying  finish,  mix  and  lay  grano.  finish 

including  plant  costs  and  protect  while  drying 65 .00 

Total  cost  per  1000  sq.  ft $111 .63 

(Use  lie.  per  sq.  ft.  for  unit  price.) 
Note:  No  sand  required  in  granolithic  finish. 

If  the  granolithic  finish  is  laid  before  the  concrete  in  the  slab  has  become  thoroughly  dried- 
out,  the  finish  is  called  an  integral  finish.     In  estimating  a  finish  of  this  kind,  since  the  thick 
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ness  of  the  granolithic  finish  in  included  in  the  slab  concrete  quantities,  the  unit  price  should 
contain  only  the  labor  cost  of  the  cement  finishers'  time  and  the  cost  of  the  extra  cement  used 
in  the  top  part  of  tl^e  slab  which  forms  the  finish,  and  the  increased  cost  of  using  pea  stone  in- 
stead of  ordinary  crushed  stone.  The  unit  price  for  integral  granolithic  finish  is  made  up  as 
follows : 

l-iD.  granolithic  finiali — ^laid  integral — ^per  1000  sq.  ft. 

Extra  cement,  10  bbl.  at  2.77. .  / $27 .70 

Labor,  finisher'^  time 30 .00 

Extra  ooet  of  pea  stone,  4  tons  at  25c 1 .00 

Total  cost  per  1000  sq.  ft $58 .70 

(Line  do.  per  sq.  ft.  for  unit  price.) 

The  unit  of  cinder  concrete  crickets  placed  on  the  roof  to  form  proper  slope  to  downspouts 
has  been  worked  out  in  detail  as  follows : 

Cinder  eoQcrete— per  cubic  yard. 

Cement,  1  bbl.  at  2.77 $2 .77 

Cinders,  1  cu.  yd 1 .60 

Plant  eoste 2 .50 

Labor— mix  and  place  to  slope 2 .25 

Total  cost  per  cu.  yd $9 .02 

(Use  19  for  unit  price.) 

The  cost  of  finishing  concrete  surfaces  with  carborundum  stone  and  cement  varies  greatly 
with  different  contractors.  A  good  finish  may  be  obtained  by  going  over  the  surface  of  the 
concrete  twice  at  a  total  cost  of  about  7Kc.  per  sq.  ft.  of  surface  treated.  The  unit  price  is 
made  up  as  follows: 

Carborundum  rubbing — 2  coats — per  1000  sq.  ft. 

Lahar,  1st  rub 40 .00 

Labor,  2d  rub 30 .00 

Cement  used  H  bbl.  at  2.77 1 .38 

Total  coet  per  1000  sq.  ft 71 .38 

(Use  7Hc.  per  sq.  ft.  for  unit  price.) 

36.  Forms. — In  working  out  a  unit  price  for  formwork  it  is  very  important  to 
know  how  many  times  the  forms  can  be  used  without  remaking.  If  it  is  possible  to  use  the 
forms  twice,  one-half  the  cost  of  the  lumber  should  be  charged  against  the  unit  for  each  use.  If 
the  forms  are  used  three  times  a  lumber  charge  of  one-third  the  cost  of  the  lumber  is  included 
in  the  unit  price  and  so  on.  The  cost  of  erection  and  stripping  the  formwork  remains  uniform 
for  each  use  but  some  saving  is  made  on  making  when  the  forms  are  used  more  than  once.  In 
forming  one  square  foot  of  concrete  surface,  about  3  board  feet  of  lumber  are  used  in  building 
the  formwork.  Hence,  if  the  forms  are  used  but  once  the  material  charge  in  the  unit  price  will 
be  the  cost  of  3  board  feet  of  lumber.  If  the  formwork  is  used  twice  it  will  be  necessary  to  make 
a  material  charge  of  only  1}4  board  feet  of  lumber  and  so  on.  Some  salvage  of  the  lumber  is 
usually  made  at  the  completion  of  the  job;  however,  where  the  formwork  is  very  complicated, 
the  lumbeif  is  practically  ruined  and  no  salvage  is  realized.  Ordinarily  a  saving  of  about  15  % 
of  the  cost  of  the  lumber  is  realized  at  the  close  of  the  job.  A  certain  amount  of  machinery 
is  required  with  which  the  formwork  is  constructed  on  the  job,  consisting  principally  of  a  saw 
mill  and  motor,  small  tools,  nails,  etc.  This  is  the  ''plant  cost"  and  seldom  amounts 
to  more  than  Ic.  per  sq.  ft.  of  concrete  surface  formed.  The  labor  involved  in  making,  erecting, 
and  stripping  the  formwork  varies  with  the  complexity  of  the  work  but  seldom  costs  less  than 
7c.  or  more  than  15c.  per  sq.  ft.  of  concrete  surface  formed.  The  cost  of  the  labor  of  forming  a 
concrete  cornice  or  other  similar  work  will  cost  much  more  than  this  maximum. 

The  unit  costs  for  formwork  given  below  have  been  worked  out  with  lumber  at  $60  per 
M,  f  .o.b.  caiB  at  the  job.    Adding  to  this  $2.50  per  M  to  cover  the  cost  of  unloading  and  handl- 
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ing  the  lumber  at  the  job,  the  price  becomes  $62.50  per  M.  The  building  will  probably  require 
a  set  of  forms  for  one  complete  story,  and  with  a  small  amount  of  remaking  these  forms  may  be 
used  for  forming  the  second  or  top  story.  This  having  been  decided  upoi^,  it  follows  that  the 
unit  price  should  contain  a  material  charge  equal  to  the  cost  of  1^  board  feet  of  lumber.  This 
matei;ial  charge  is  maintained  throughout  the  unit  prices  for  formwork  so  long  as  two  uses  are 
reckoned  on. 

The  common  labor  is  Qgured  at  50c.  and  carpenters'  work  at  90c.  per  hr. 

Footing  Fomu: 

Lumber  IH  board  feet  at  $62.50  per  M $0 .0938 

Deduct  salvage 0  0150      0 .0788 

Plant  cost 0 .0100 

Labor,  make,  erect,  and  strip 0 .0800 

ToUl  cost  per  sq.  ft SO  .1688 

^  (Use  17c.  for  unit  price) 

Foundation  WaU  Forms: 

The  unit  price  for  foundation  wall  forms  may  be  figured  similar  to  footing  forms  with  the  exception  that  the 

labor  will  coat  about  9o.  instead  of  8c.  per  sq.  ft.     This  change  adds  Ic.  per  sq.  ft.  to  the  unit  price,  making  the  unit 

price  for  foundation  wall  forme  18c.  per  sq.  ft. 

Bxterior  Column  Forms: 

Lumber  IH  board  feet  at  fR2.50  per  M - $0 .0038 

Deduct  salvage 0 .0150       0 .0788 

Plant  costs 0 .0100 

Labor,  make,  erect,  and  strip 0.1 175 

Total  cost  per  sq.  ft $0 .2063 

(Use  20^0.  for  unit  price.) 
BraekH  Forms: 

Lumber,  IH  board  feet  at  $62.60  per  M $0 .0938 

(no  salvage  allowed) 

Plant 0 .0100 

Labor,  make*  erect,  and  strip 0 .2350 

Total  cost  per  sq.  ft $0 .3388 

(Use  33Hc.  for  unit  price.) 
Interior  Column  Forms—Ground  steel): 

Rental  of  steel  column  forms  each $15  .OQ 

Labor,  erect,  strip,  and  handle 5  .00 

Total  unit  cost  each $20 .00 

Flat  Slab  Floor  and  Roo^  Forms: 

Lumber,  IH  board  feet  at  $62.50  per  M $0 .0038 

Deduct  salvage 0 .0150       0 .0788 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .0775 

Total  cost  per  sq.  ft ■  $0 .1663 

(I'se  16Ho.  for  unit  price.) 
Drop  Pand  Forms: 

Lumber.  IH  board  feet  at  $62.50  per  M $0 .0038 

(no  salvage  allowed) 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .  1075 

ToUl  cost  per  sq.  ft $0 .2113 

(Use  21c.  for  unit  prioe.) 
WaU  Beam  Forms: 

Lumber,  IH  board  feet  at  $62.50  perM $0 .0938 

Deduct  salvage 0 .0150     0 .0788 

Plant 0.0100 

Labor,  make,  erect,  and  strip 0 .0075 

Total  cost  per  sq.  ft $0.1863 

(Use  18>1|0.  for  unit  price.) 
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Floor  Beam  Form*: 

The  unit  cost  of  floor  beam  form*  works  out  quite  closely  to  the  cost  of  the  wall  beam  forms,  the  only  difference 
being  an  increase  of  about  }io.  per  sq.  ft.  in  the  labor  charge.  This  increase  makes  it  necessary  to  use  IQo.  as  a  unit 
price  for  floor  beam  forms.  Should  the  floor  be  what  is  known  as  a  beam  and  slab  type  of  floor,  the  average  labor 
cost  of  making,  erecting,  and  stripping  the  forms,  measuring  beams  and  slab  together  will  be  about  Syio.  per  sq.  ft. 
This  would  make  the  cost  of  beam  and  slab  floor  forms  about  ITMc  per  sq.  ft.  if  the  forms  are  used  twice. 

Partition  Forma: 

Lumber,  IM  boaxtl  feet  at  $62.50  per  M SO  .0038 

Deduct  salvage '. 0 .0150       0  0788 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .  1375 


ToUl  cost  per  sq.  ft SO  2203 

(Use  22Hc.  for  unit  price.) 

3c.  Reinforcement — The  labor  of  cutting,  bending,  and  placing  reinforcement 
will  cost  from  S8  to  $20  per  ton  depending  upon  the  size  of  the  bar,  the  amount  of  bending 
required,  and  the  position  in  which  the  bars  must  be  finally  placed.  In  the  average  concrete 
building,  it  is  safe  to  assume  that  a  flat  rate  of  $14  per  ton  will  cut,  bend,  and  place  the  rein- 
forcement in  the  building.    The  unit  price  of  43^c.  per  lb.  is  made  up  as  follows: 

Reinforcement  f.o.b.  ears  job,  per  ton S08 .00 

Unload  and  pile  on  job , 3 .00 

Cut,  bend,  and  place  including  wire,  etc 14  .00 


Total  cost  per  ton S85 .00 

(Use  4yio.  per  lb.  for  unit  price.) 

3d.  Conclusion. — The  method  of  arriving  at  the  unit  costs  of  the  principal 
parts  of  a  remforced  concrete  building  have  been  briefly  outlined  in  the  previous  paragraphs. 
With  the  lu'd  of  this  information  and  by  ascertaining  the  costs  of  material  used  in  concrete 
construction,  it  is  possible  to  make  estimates  of  reinforced  concrete  buildings  which  should 
represent  quite  closely  the  final  cost  if  the  work  is  expeditiously  performed.  Space  does  not 
permit  the  compilation  of  the  vast  volume  of  matter  necessary  to  cover  the  subject  of  unit 
prices  thoroughly.  Enough  information  has  been  given,  however,  to  enable  the  structural 
engineer  to  estimate  for  himself  the  probable  cost  of  the  structure  he  has  designed  and  the 
builder  not  familar  with  reinforced  concrete  construction  may  be  able  to  make  some  use  of 
the  subject  matter  on  these  pages. 


_     ^ 
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ARCHITECTURAL  PRACTICE 

By  Arthur  Peabody 

1.  Architects'  Rates  iot  Service. — The  architects'  commissions  will  be  computed  on  the 
percentages  recommended  by  the  American  Institute  of  Architects.  These  will  vary  with  the 
nature  of  the  work,  whether  large  or  small,  and  whether  the  amount  of  service  is  to  be  partial 
or  complete.  Rates  for  remodelling  and  for  monumental  or  decorative  work  will  be  different 
from  the  regular  rate.  The  reconmiended  rates  for  ordinary  examples  of  the  above  are  here 
^  given.  (''Reprinted  from  the  St-andard  Documents  by  permission  of  the  American  Institute 
of  Architects.") 

1.  The  Architect's  profeerional  services  consist  of  the  neoessftry  coafereocee,  the  preparation  of  preliminary 
studies,  working  drawings,  specifications,  large  scale  and  full  sise  detail  drawings;  the  drafting  of  forms  of  propoealB 
and  contracts;  the  issuance  of  certificates  of  payment;  the  keeping  of  accounts,  the  general  administration  of  the 
business  and  supervision  of  the  work,  for  which,  except  as  hereinafter  mentioned,  the  minimum  charge,  based  upon 
the  total  cost  of  the  work  complete,  is  6  %. 

2.  On  residential  work,  dterations  to  eziating  buildings,  monuments,  furniture,  decorative  and  cabinet  work 
and  landscape  architecture,  it  is  proper  to  make  a  higher  charge  than  above  indicated. 

3.  The  Architect  is  entitled  to  compensation  for  articles  purchased  under  his  diireotion,  even  though  not 
designed  by  him. 

4.  Where  the  Architect  is  not  otherwise  retained,  consultation  fees  for  professional  advice  are  to  be  paid  in 
proportion  to  the  importance  of  the  question  involved  and  services  rendered. 

5.  The  Architect  is  to  be  reimbursed  the  costs  of  transportation  and  living  incurred,  by  him  and  hia  assistants 
while  traveling  in  discharge  of  duties  connected  with  the  work,  and  the  costs  of  the  services  of  heating,  ventilating, 
mechanical,  and  electrical  engineers. 

6.  The  rate  of  percentage  arising  from  Art.  1  and  2  hereof,  i.e.,  the  basic  rate,  apjdies  when  all  of  the  work  is 
let  under  one  contract.  Should  the  Owner  determine  to  have  certain  portions  of  the  work  executed  under  sexMirate 
contracts,  as  the  Architect's  burden  of  service,  expense  and  responsibility  is  thereby  increased,  the  rate  in  connection 
with  such  portions  of  the  work  is  greater  (usually  by  4  %)  than  the  basic  rate.  Should  the  owner  determine  to  have 
substantially  the  entire  work  executed  under  separate  contracts,  then  such  higher  rate  apices  to  the  entire  work. 
In  any  event,  however,  the  basic  rate,  without  increase,  appties  to  contracts  for  any  portions  of  the  work  on  which 
the  Owner  reimburses  the  engineer's  fees  to  the  Architect. 

7.  If,  after  a  definite  scheme  has  been  approved,  the  Owner  makes  a  decision  which,  for  its  proper  execution, 
involves  extra  services  and  expense  for  changes  in  or  additions  to  the  drawings,  specifications  or  other  documents; 
or  if  a  contract  be  let  by  cost  of  labor  and  materials  plus  a  percentage  or  fixed  sum;  or  if  the  Architect  be  put  to 
labor  or  expense  by  delays  caused  by  the  Owner  or  a  contractor,  or  by  the  delinquency  or  insolvenoy  of  either,  or  as  a 
result  of  damage  by  fire,  he  is  to  be  equitably  paid  for  such  extra  so^ce  and  expense. 

8.  Should  the  execution  of  any  work  designed  or  specified  by  the  Architect  or  any  part  of  such  work  be  aban- 
doned or  suspended,  the  Architect  is  to  be  paid  in  accordance  with  or  in  proportion  to  the  terms  of  Art.  9  of  this 
Schedule  for  the  service  rendered  on  account  of  it,  up  to  the  time  of  such  abandonment  or  suspension. 

9.  Whether  the  work  be  executed  or  whether  its  execution  be  suspended  or  abandoned  in  part  or  whole,  pay- 
ments to  the  Architect  on  his  fee  are  subject  to  the  provisions  of  Art.  7  and  8,  made  as  follows: 

Upon  completion  of  the  preliminary  studies,  a  sum  equal  to  20  %  of  the  basic  rate  computed  upon  a  reasonable 
estimated  cost. 

Upon  completion  of  specifications  and  general  working  drawings  (exclusive  of  detculs)  a  sum  sufficient  to  in- 
crease payments  on  the  fee  to  60  %  of  the  rate  or  rates  of  commission  agreed  upon,  as  influenced  by  Art.  6,  compu- 
ted upon  a  reasonable  cost  estimated  on  such  completed  specifications  and  drawings,  or  if  bids  have  been  received, 
then  computed  upon  the  lowest  bona  fide  bid  or  bids. 

From  time  to  time  during  the  execution  of  work  and  in  proportion  to  the  amount  of  service  rendered  by  the 
Architect,  payments  are  made  until  the  aggregate  of  all  payments  made  on  account  of  the  fee  under  this  Article 
reaches  a  sum  equal  to  the  rate  or  rates  of  commission  agreed  upon  as  influenced  by  Art.  6,  computed  upon  the 
final  cost  of  the  work. 

Payments  to  the  Architect,  other  than  those  on  his  fee,  fall  due  from  time  to  time  as  his  work  is  done  or  as  costs 
are  incurred. 

No  deduction  is  made  from  the  Architect's  fee  on  account  of  penalty,  liquidated  damages  or  other  sums  with- 
held from  payments  to  contractors. 

10.  The  Owner  is  to  furnish  the  Architect  with  a  complete  and  accurate  survey  of  the  building  site,  giving  the 
grades  and  lines  of  streets,  pavements  and  adjoining  properties;  the  rights,  restrictions,  easements,  boundaries  and 
contours  of  the  building  site,  and  full  information  as  to  sewer,  water,  gas  and  electrical  service.  The  Owner  is  to 
pay  for  borings  or  test  pits  and  for  chemical,  mechanical  or  other  tests,  when  required. 

11.  The  Architect  endeavors  to  guard  the  Owner  against  defects  and  deficiencies  in  the  work  of  contractors, 
but  does  not  guarantee  the  performance  of  their  contracts.  The  supervision  of  an  architect  is  to  be  distinguished 
from  the  continuous  personal  superintendence  to  be  obtained  by  the  employment  of  a  c|erk  oi  the  works. 
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When  authorised  by  the  Owner,  a  clerk  of  the  worlca,  acceptable  to  both  Owner  and  Architect,  is  to  be  engaged 
by  the  Architect  at  a  salary  satisfactory  to  the  Owner  and  paid  by  the  Owner,  upon  presentation  of  the  Architect's 
monthly  cotificates. 

12.  When  requested  to  do  so,  the  Architect  makes  or  procures  preliminary  estimates  on  the  cost  of  the  work  and 
he  endeavors  to  keep  the  actual  cost  of  the  work  as  low  as  may  be  consistent  with  the  purpose  of  the  building  and 
with  proper  workmanship  and  material,  but  no  such  estimate  can  be  regarded  as  other  than  an  approximation. 

13.  Drawings  and  specifications,  as  instruments  of  service,  are  the  property  of  the  Architect,  whether  the  work 
for  which  they  are  made  be  executed  or  not. 

Note. — The  words  "  the  cost  of  the  work,"  as  used  in  Art.  1  and  0  hereof,  are  ordinarily  to  be  interpreted  as 
meaning  the  total  of  the  contract  sums  incurred  for  the  execution  of  the  work,  not  including  Architect's  and  En- 
gineer's fees  or  the  salary  of  the  derk  of  the  works,  but  in  certain  rare  cases,  e.  g.^  when  labor  or  material  is  fur- 
nished by  the  Owner  below  its  market  coat  or  when  old  materials  are  recused,  the  cost  of  the  work  is  to  be  inter- 
preted as  the  cost  of  all  materials  and  labor  necessary  to  complete  the  work,  as  such  cost  would  have  been  if  all 
materials  had  been  new  and  if  all  labor  had  been  fully  paid  at  market  prices  current  when  the  work  was  ordered, 
plus  contractor's  profits  and  expenses. 

2.  Employment  of  Architects. — An  architect  may  be  employed  in  various  ways,  as  on  a 
commission  basis  or  on  a  salary.  He  may  furnish  plans  and  specifications  only,  or  be  em- 
ployed also  to  superintend  the  work.  In  some  states  the  lien  law  protects  the  architect; 
in  others  it  does  not.  The  architect  should  ascertain  exactly  what  person,  corporation,  or 
authority  has  the  power  to  employ  him  and,  in  every  case,  obtain  a  written  contract  for  serv- 
ices. The  contract  should  describe  accurately  what  the  architect  is  to  do,  and  what  com- 
pensation shall  be  paid.  The  enumeration  of  his  duties  in  minute  detail  will  not  be  necessary 
but  no  uncertainty  should  exist  as  to  the  limit  of  his  employment,  whether  it  be  for  pre- 
liminary sketches,  for  the  general  design,  for  working  drawings,  specifications  and  details,  of 
for  superintendence.  Provision  should  be  made  for  a  proper  settlement  in  the  case  of  failure 
of  the  enterprise  to  start,  or  to  proceed  to  completion,  and  for  his  release  if  necessary  before 
the  completion  of  the  work.  The  terms  of  payment  must  be  stated.  The  contract  must  be 
such  as  will  stand  in  law.  Verbal  contracts  unsupported  by  witnesses  are  of  no  force.  The 
following  will  be  sufficient  for  small  work;  For  important  undertakings  the  Standard  Con- 
tract of  the  A.  I.  A.  should  be  used. 

Short  Contract  for  Architectural  Service 

19.. 

(Place  and  date) 

Artide  I.    This     contract     certifies     that ,     Architects, 

hereby  agree  to  furnish  the  design,  working  drawings  and  specifications,  and  to  superintend  the  construction  of 

for ,    owner. 

(Insert  the  Building  or  Work  to  be  Done) 

ArHde  II.     owner,  hereby  agrees  to  pay  to  the  architects  for  the 

above  work  a  sum  of  money  equal  to per  cent,  of  the  entire  coet  of  the  above  building  or  work. 

ilftide  ///.     Payments  shall  become  due  to  the  architect  as  follows : 

Upon  oompletipn  of  the  design ^ . 20  %  of  the  whole. 

Upon  completion  of  the  working  plans  and  specifications 40%  of  the  whole. 

For  the  entire  superintendence 40%  of  the  whole. 

AriieU  IV.     The  original  design,  and  the  plans  and  specifications  shall  remain  in  the  custody  of  the  architect, 

but  neither  he  nor  the  owner  shall  use  them  or  copies  of  them  except  for  the  construction  of    this  building  or  work. 

ArtieU  V.     The  architect  and  the  owner  for  themselves,  their  heirs,  successors,  executors,  administrators  and 

assigns,  hereby  agree  to  the  covenants  herein  contained.     In  witness  whereof  they  have  set  their  hands  and  seals 

the  day  and  year  first  above  written. 


Signature  of  Architects 
Signature  of  Owner 

8.  Contracts  for  Building. — For  large  enterprises,  involving  employment  by  public  bodies 
such  as  a  Board  of  Trustees,  or  a  building  commission,  the  standard  documents  of  the  American 
Institute  of  Architects  are  advisable.  These  documents  cover  the  conduct  of  competitions,  the 
employment  of  architects,  building  contracts  and  other  matters  in  connection.  The  Standard 
Form  of  Contract  for  building  will  require  minor  modifications  for  use  in  public  work,  to  comply 
with  various  state  laws.  The  Engineering  Department  of  the  State  of  Wisconsin  makes  use  of 
a  modified  form  of  the  standard  contract  and  bond  for  important  work.  Some  states  require  a 
contract  and  bond  for  small  work  as  well.    A  short  form  of  contract  and  bond  has  been  adopted 
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in  Wisconsin  for  all  contracts  for  labor  and  material  in  sums  of  SlOO  or  more.     The  contract 
and  bond  occupy  one  side  of  a  letter  sheet. 

Thii  form  to  be  used  for  items  coming 
under  Chapter  388,  Laws  of  1917. 


STATB  OF  WISCONSIN 
SHORT  CONTRACT  AND  BOND 


(Here  inaert  name  of  institution) 


(Date) 


Article  1 

(Here  insert  name  of  contractor) 

of 

the  first  party,  hereby  agrees  to  furnish  a  satisfactory  bond  and 


to 


The  first  party  hereby  agrees  to  complete  the  same  on  or  before 


Article  S.    The. 


(Here  insert  legal  title  of  board) 

the  second  party  hereby  agrees  to  pay  the  first  party  for  the  per- 
formance of  this  contract  the  sum  of 

dollars  within days  after  the  completion  of  the 

contract.     Partial  payments  will  be  made  up  to  85  %  of  esti- 
mated values,  previous  to  such  completion. 

Article  S.  No  laborer,  workman  or  mechanic  of  the  con- 
tractor, subcontractor,  agent  or  other  person  shall,  in  the  per- 
formance of  this  contract,  work  or  be  permitted  or  directed  to 
work  more  than  eight  hours  in  any  one  calendar  day,  except  in 
oases  of  extraordinary  emergencies,  as  provided  in  section  1729m, 
of  the  statutes. 

The  first  party  hereby  agrees  to  maintain  liability  insurance 
sufiicient  to  protect  the  second  party  and  State  against  all  claims 
for  damage  or  injury  to  persons  employed  upon  this  work  and 
shall  save  the  second  party  harmless  against  all  claims  for  royal- 
ties on  or  infringements  of  patents  on  materiab  of  appliances 
used. 

The  specifications,  plans  or  diagrams  furnished  herewith 
shall  constitute  part  of  this  agreement  the  same  as  if  hereto  at- 
tached. 

Article  4.  The  parties  for  themselves,  their  heirs,  success- 
orsi  executors,  administrators,  and  assigns,  hereby  agree  to  the 
covenants  herein  contained.  In  witness  whereof  they  have  set 
their  hands  and  seals  the  day  and  year  first  above  written. 


(Signature  of  first  party) 


Requisition  No. 


Division 


Class  and  Fund 


BOND 


We 


(Name  of  first  party,  principal) 

and  we, 

(Name  of  surety) 
are  hereby  held  and  firmly  boi|nd  imto  the 
second  party  to  the  accompanying  contract 
in     the     sum     of dollars 

(Contract  amount) 
for  the  payment  whereof  the  first  party,  prin- 
cipal and  the  surety  bind  themselvea,  their 
heirs,  successors,  administrators  and  assigns 
j  ointly  and  severally  by  these  presents. 

The  condition  of  this  obligation  is  that  if 
the  first  party  shall  faithfully  perform  the 
said  contract  and  satisfy  all  claims  and  de- 
mands incurred  for  the  same  and  shall  protect 
the  second  party  and  the  State  of  Wisconsin 
against  all  liability,  injury,  or  damage  caused 
by  the  act  or  omission  of  the  said  first  part^, 
his  agents  or  employees,  then  this  obligation 
shall  be  null  and  void.  Provided  that  altera- 
tions made  in  the  terms  of  the  contract,  or 
any  forbearance  on  the  part  of  the  first  or 
second  party  thereto  shall  not  release  the 
principal  or  the  surety  from  their  liability 
hereunder,  notice  to  the  surety  of  any  such 
alteration  or  forbearance  being  hereby  waived. 

Signed  and  sealed  this day  of 


19 


(Signature  of  first  party,  principal) 


(Signature  of  surety) 

This  certifies  that  I  have  been  duly 
licensed  as  agent  for  the  above  company  in 

Wisconsin  under  license  No for  the 

year  19  .  .  .,  and. appointed  as  attorney  in  fact 
with  authority  to  execute  contract  bonds 
with  a  minimum  of  $100  and  a  maximum  of 

$ which  power  of  attorney  has  not 

been  revoked. 


(Signature  of  second  party)  (Agent) 

The  foregoing  contract  and  bond  to  the  amount  of  $ . , 
are  hereby  approwd,  the  same  day  and  year  as  first  above  written. 


(State  Chief  Engineer) 


(Governor  of  Wisconsin) 
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4.  Schedule  of  Building  Costs. — ^In  the  usual  case,  the  architect  is  engaged  to  design  a 
building  to  meet  a  certain  expenditure.  This  amount  should  be  looked  upon  as  the  total  of 
funds  available.  To  bring  the  matter  clearly  before  the  owner  a  schedule  of  estimated  costs 
is  usually  made.    This  will  cover 

Architect's  commission S 

Expense  for  travel,  etc $ 

Cost  of  survey  and  other  engineering  work S 

The  principal  contract I 

Subordinate  contracts I 

Estimated  amount  for  extras $ 

Cost  of  connection  to  supplies  for  gas,  water,  sewer,  electric  current,  heat 

and  power $ 

Costs  incidental  to  construction  such  as  temporary  heat,  power  and  light  % — '■ 

Fire  insurance % 

Fire  protection,  safety  provisions S 

Contingent  balance .- i 

By  thia  the  architect  and  owner  will  be  able  to  know  what  is  meant  by  the  entire  cost.  Where  the  fonda 
cannot  be  exceeded  under  any  circuroatances,  the  schedule  is  imperative,  in  order  to  proceed  with  safety.  In  some 
cases  there  must  be  added  amounts  for  land  improvement,  including  clearing,  grading,  draining,  planting,  drives, 
walks  and  enclosures,  together  with  main  sewers  and  water  lines,  railway  sidings,  walls,  tunnels,  conduits  and  electric 
pole  lines. 

6.  Fiiumdng  of  a  Building  Project. — The  extent  to  which  an  architect  maps  out  a  building 
project  will  depend  on  conditions.  The  complete  program  will  begin  at  the  conception  of  the 
enterprise  and  end  with  the  occupation  or  disposal  of  the  completed  work.  Where  the  client 
has  no  other  adviser,  the  architect  may  be  consulted  upon  the  probability  of  its  financial  success, 
the  amount  of  funds  obtainable  by  first  and  second  mortgages,  stock,  bonds  and  other  resources. 

A  loan  of  about  50  %  of  the  value  of  the  land  and  completed  building  may  be  ob- 
tained usually  for  building  purposes.  This  is  secured  by  the  first  mortgage.  Deferred  payments 
on  the  land  are  covered  by  a  second  mortgage.  The  second  mortgage  will  be  held  by  the  original 
owner  of  the  land, and  will  b ecome  due  b ef  ore  the  first.  Real  estate  companies  sometimes  ace ept 
such  for  a  certain  portion  of  the  land  value.  A  more  complicated  condition  is  where  the  second 
mortgage  is  used  as  security  for  the  preferred  stock  of  a  project,  while  the  title  or  ownership  is 
represented  by  the  common  stock.  Beside  this  there  may  be  an  issue  of  bonds  of  one  or  more 
kinds. 

The  burden  of  financing  a  project  may  include  cost  of  promotion,  brokerage  commissions,  discounts  on  bonds 
and  preferred  stock,  etc.  The  following  table  indicates  what  might  be  a  fair  approximation  to  the  several  items, 
taking  the  completed  work  at  100  %.     The  financial  statement  will  cover 

Cost  of  land,  including  all  charges  necessary  to  securing  the  title,  estimated 25  % 

Coat  of  building  including  also  fees  to  architects,  engineers,  permits,  etc.,  and  other  inci- 
dentals, eatimated 55  % 

Diaoounta  on  bonds,  eatimated 3% 

Diaeounta  on  preferred  atock,  eatimated 6  % 

Intereat  on  bonds  during  conatruction  period,  estimated 3  % 

Dividends  on  preferred  stock  during  construction  period,  estimated 3  % 

Taxes  and  insurance  during  conatruction  i>eriod,  eatimated >a  % 

Feea  and  incidentala,  eatimated l-i  To 

Coat  of  promotion,  eatimated __i_r^ 

100% 

The  aeveral  itema  would  vary  aomewhat  with  conditiona.  A  proapective  increaae  in  land  value  may  be  antici- 
pated, but  this  would  not  a£fect  the  computation  of  actual  coat.  It  may  have  an  e£Fect  on  the  per  cent,  of  loan 
obtainable  by  the  fiiat  mortgage,  and  might  make  a  readier  aale  of  preferred  stock  which  is  aometimes  hard  to  place. 
The  common  atock  ia  aometimea  used  as  part  payment  of  the  architect,  contractor  and  others  interested.  The 
eontrol  of  the  business  is  held  by  the  common  stock,  which  participates  also  in  the  earninga  from  operation  or  in 
profita  from  aale.  In  aome  examplea  the  coat  of  operation  will  amount  to  40%  of  the  groaa  income,  leaving  00% 
to  meet  fixed  ehargea  auch  aa  intereat,  dnking  fund,  etc.,  and  to  be  paid  on  the  common  stock. 


SECTION  4 

CONTRACTS 

By  Danisl  J.  Hattsb 

Most  building  construction  is  done  under  a  contract  between  the  owner  and  a  contractor 
who  is  commonly  called  a  builder.  The  builder  has  but  little  dealing  with  the  owner  as  the 
architect  of  the  structui'e  acts  for.  the  owner,  supervising  the  construction  and  being  in  full 
charge  of  the  builder's  work. 

1.  Contracting  Versus  Day  Labor. — When  construction  is  carried  on  by  day  labor,  the 
owner,  possibly  through  his  architect,  employs  a  superintendent  of  construction,  engages 
mechanics,  artisans,  and  laborers  through  him;  purchases  tools,  machinery,  and  materials; 
and  with  his  own  forces  paid  by  daily  wages,  builds  the  structure,  thus  eliminating  the  con- 
tractor. This  would  seem  to  be  the  ideal  method,  as  all  chance  of  disputes  with  the  con- 
tractor over  contractual  rights,  specifications,  changes  in  plans,  and  quantities  of  work,  is 
prevented.  The  owner,  through  the  architect,  is  at  all  times  supreme  and  one  would  think 
that  the  profit  the  contractor  makes  is  saved  to  the  owner. 

The  reverse  of  this  generally  happens.  Expensive  machines  and  many  tools  may  have 
to  be  purchased,  and  when  these  are  sold  at  the  completion  of  the  work,  the  loss  sustained  may 
more  than  equal  the  contractor's  profit,  as  the  latter  charges  only  a  reasonable  rental  or  plant 
expense,  the  machines  and  tools  having  a  value  to  him  for  future  jobs.  In  addition  to  this, 
mechanics,  laborers,  and  others,  including  the  superintendent,  who  do  not  have  any  money 
interest  in  the  job,  will  do  indifferent  work;  the  job  will  drag;  and  the  cost  will  be  greatly  in- 
creased over  the  work  done  by  the  same  men  when  employed  by  a  contractor.  This  individual's 
living  and  profits  must  be  made  by  saving  materials  and  obtaining  efficient  work  from  his 
employees.  His  money  is  at  stake  as  well  as  the  owner's;  therefore,  the  greater  the  saving 
effected  by  the  contractor,  the  larger  is  his  profit. 

Th\i0,  building  construction  performed  by  a  contractor  has  proven  to  be  cheaper  (save  in  exceptional  caaes) 
than  that  done  by  tho  day-labor  method.  Then  too,  contractors  do  a  better  grade  of  work  than  that  accomplished 
by  day  labor  forces.  The  architect  and  his  assistants  pass  upon  the  equality  of  the  materials  and  see  to  it  that  the 
contractor  follows  the  specifications,  condemning  all  poor  work  and  compelling  such  oonstruction  to  be  done  over. 
With  day  labor  forces,  the  specifications  are  ignored  and  poor  work  is  covered  up  and  skimmed  over  to  prevent  the 
owner  from  finding  fault. 

The  day-labor  method  thus  leads  to  extravagance,  prolongation  of  the  work  in  order  to  h(dd  positions,  poor 
workmanship,  and  an  indi£Ferent  quality  of  construction.  The  contract  method  means  quickly  finished  jobs  as 
it  is  to  the  contractor's  interest  to  rush  his  work;  tho  specifications  are  followed  resulting  in  first-class  work;  and 
money  is  saved  to  the  owner. 

2.  Public  and  Private  Contracts. — Contracts  made  with  a  national  government,  a  province 
state,  county,  city,  town,  or  village  arc  known  as  public  contracts.  Bonds  are  demanded  on 
such  contracts  and  the  contractor  and  his  bondsmen  are  compelled  to  complete  a  job  no  matter 
what  pecuniary  loss  they  may  sustain.  No  one  under  the  law  has  the  right  to  change  the 
contract  clauses  or  the  specifications,  which  must  be  lived  up  to  by  the  contractor.  The  worst 
possible  features  of  the  work  may  be  forced  upon  him  at  any  time.  For  these  reasons,  work 
done  under  public  contracts  can  seldom  be  performed  as  cheaply  as  that  under  a  private 
contract. 

Private  contracts  are  those  made  with  corporations  (other  than  public  ones),  firms,  and  individuals.  Bond 
may  have  to  be  given  for  such  contracts,  but  the  owner  can  only  recover  by  suing  the  contractor  and  his  bondsman. 
The  architect  can  change  the  contract  and  specifications  by  agreement  with  the  contractor,  as  nothing  is  as  binding 
as  on  public  contracts.     This  makes  it  possible  to  estimate  closer  on  such  construction  and  yet  do  as  good  work. 

Some  contractors  confine  their  operations  to  public  contracts  while  others  take  work  only  under  private  con- 
tracts.    A  third  class  does  both  kinds  of  construction. 
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8.  Forms  of  Contracts. — ^There  are  many  forms  of  contracts  used  for  building  construction. 
Under  most  of  these  forms,  it  is  first  necessary  for  the  builder  to  make  a  proposal  to  the  owner 
through  the  architect.  This  proposal  for  some  forms  of  contracts,  especially  on  private  work  or 
for  subcontracts,  may  take  the  form  of  a  letter.  When  this  kind  of  proposal  is  made,  the  offer 
must  be  made  up  with  great  care  and  worded  so  as  not  to  be  ambiguous ;  otherwise,  the  contrac- 
tor may  be  offering  to  do  more  work  than  he  has  estimated  and  the  other  party,  in  accepting 
the  propose],  laaj  think  the  contractor  is  offering  to  do  the  work  as  planned,  thus  leading  to 
disputes. 

Under  many  forms  of  contracts  and  for  nearly  all  public  contracts,  a  proposal  form  is  used,  and  to  make  the 
pr<q;>08al  formal,  it  must  be  made  out  on  the  official  form  and  followed  as  actually  outlined.  To  deviate  from  the 
form  means  to  make  the  prppoeal  informal.  No  one  has  the  right  to  consider  it  unless  it  should  be  th&  only  proposal 
entered,  in  which  case  an  adjustment  could  be  made.  On  public  work,  an  architect  has  no  right  to.  consider  an 
informal  proposal  because  it  is  not  a  proposal  based  upon  the  contract  and  specifications.  Should  a  contractor 
desire  to  submit  an  alternate  proposal  or  have  some  change  made  in  the  plans  to  save  the  owner  money,  he  should 
first  submit  a  formal  proposal  and  then  make  his  alternate  on  a  separate  form  or  sheet  of  paper.  Should  his  formal 
proposal  be  low  or  be  the  accepted  proposal,  then  the  contractor  can  have  his  alternate  considered,  or  all  proposab 
may  be  rejected  and  new  ones  made  based  upon  the  change  suggested  in  the  alternate.  Every  contractor  should  be 
careful  to  see  that  his  proposab  are  formal  before  they  are  submitted. 

The  various  forms  of  contracts  are  known  as  follows;  unit  prices,  lump  sum,  cost  plus  a  percentage,  cost  plus  a 
fixed  fee,  cost  jpha  a  scale  of  fees,  and  percentage  contracts. 

8a.  Unit  Price  Contracts. — A  unit  price  form  of  contract  is  based  upon  the 
naming  of  unit  prices  for  each  kind  and  class  of  work  to  be  done  upon  a  building.  By  this 
method  the  exact  amount  of  each  class  of  work  need  not  be  definitely  known  if  only  the  different 
classes  and  kinds  of  work  are  known.  With  a  price  set  for  each  unit,  it  is  then  possible  to 
carry  on  the  job,  paying  the  contractor  only  for  the  work  actually  done. 

The  difficult  feature  of  this  method  of  carrying  on  a  contract  for  a  building,  is  the  great  variety  of  work  that 
must  be  done  and  the  difficulty  of  obtaining  unit  measurements  for  each  item.  Coupled  with  this,  architects  are 
loathe  to  take  the  time  and  trouble  to  measure  up  and  keep  a  record  of  the  various  units.  This  form  of  contract 
is  excellent  for  engineering  construction,  but  is  not  so  well  adapted  to  architectural  work.  It  is  necessary  for  con- 
tractors to  estimate  most  construction  upon  a  unit  basis  even  when  other  forms  of  contracts  are  used,  but  the 
general  preference  for  contract  forms  has  been  that  of  lump  turn  eontracU. 

86.  Lump  Sum  Contracts.— Under  a  lump  sum  contract,  a  price  is  figured  by 
the  contractor  who  names  a  stated  price  or  sum  for  a  completed  structure,  according  to  the 
owner's  plans  and  specifications.  Thus  the  owner  and  his  architect  depend  upon  the  price 
bid,  and  are  not  bothered  with  units  or  quantities  so  far  as  estimating  costs  are  concerned. 

It  IB  necessary  that  plans  and  specifications  should  be  complete  before  proposals  are  asked 
as  any  changes  or  alterations  must  be  paid  for  as  extras,  or,  new  prices  must  be  agreed  upon 
for  the  work.  The  contract  upon  this  basis  demands  accurate  and  thorough  work  by  the  archi- 
tect, the  variations  permissible  being  alternates  asked  for  in  the  proposals. 

• 

The  lump  sum  form  of  contract  has  been  the  most  common  one  used  for  some  decades  in  erecting  buildings. 
A  variation  of  it  has  been  to  name  unit  prices  for  some  classes  of  work  for  additions  and  deductions.  Thus,  for 
concrete  foundations,  the  plans  may  call  for  the  footings  to  be  20  ft.  below  the  street  level.  The  proposals  made 
may  name  one  price  per  cubic  ynrd  for  any  concrete  to  take  the  foundations  deeper,  and  a  less  price  per  cubic  yard 
for  any  deduction  in  yardage  if  the  foundation  is  carried  to  a  less  depth  than  20  ft.  This  would  likewise  apply  to 
the  excavation.  It  is  possible  to  apply  this  variation  in  form  of  contract  to  any  class  of  work  having  simple  units; 
henoe,  the  form  of  contract  becomes  a  combination  of  the  lump  sum  and  unit  prices. 

With  a  unit  price  form  of  contract,  the  builder  is  not  bothered  by  uncertain  quantities  of  work  to  be  done,  as 
his  work  is  measured  up  and  paid  for;  but  with  a  lump  sum  contract,  he  must  know  accurately  how  much  work  is  to 
be  done.  If  plans  and  specifications  are  inaccurate  and  indefinite,  then  the  builder  must  protect  himself  by  naming 
in  the  price  Be  bids,  an  ample  amount  to  cover  extra  work  he  may  be  called  upon  to  do,  or  to  cover  possible  changes 
for  which  he  may  not  be  allowed  extras.  Thus  the  owner  may  have  to  pay  more  than  he  should  for  his  structure  or 
if  the  builder  does  not  estimate  enough  for  'such  inaccuracies  or  discrepancies,  then  he  is  the  loser. 

8c.  Cost  Plus  Percentage  Contracts. — Due  to  the  facts  just  outlined,  the  cost 
plus  percentage  form  of  contract  has  grown  in  favor  during  the  past  decade.  Under  it,  the 
owner  pays  the  cost  of  the  work;  that  is,  all  materials,  supplies,  and  labor.  Upon  this  cost  he 
pays-  the  contractor  or  builder  an  agreed  upon  percentage.  Tools  and  machines  are  rented 
to  the  Qwner  and  figured  in  this  cost  of  the  structure.    The  percentage  paid  is  supposed  to 
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cover  the  builder's  own  services,  the  knowledge  and  organization  he  brings  to  the  job,  and  his 
profit. 

Under  this  contract,  every  incentive  is  given  the  builder  to  do  expensive  work  and  run  up  the  cost  of  the  struc- 
ture, for  the  larger  the  cost  the  greater  will  be  the  percentage  paid  him.  Thus  a  building  estimated  to  cost  $100,000 
will  net  the  builder  more  profit  if  he  makes  it  cost  $126,000.  Many  disagreements  have  occurred  over  oontracte 
under  this  form  due  to  the  belief  that  contractors  have  increased  their  cost  purposely. 

Sd,  Cost  Plus  a  Fixed  Fee  Contracts. — To  overcome  this  belief  and  also  certain 
objections  outlined  under  unit  prices  and  lump  sum  forms  of  contracts,  cost  plus  a  fixed  fee 
type  of  agreement  has  grown  in  favor  both  with  architects  and  contractors.  Under  it  the 
owner  pays  all  costs  as  in  the  last  named  form,  but,  instead  of  paying  a  percentage,  he  pays  the 
builder  a  fixed  fee  previously  agreed  upon.  To  arrive  at  this  sum,  a  general  estimate  of  the 
cost  is  made  and  with  this  as  a  basis,  a  flat  fee  is  agreed  uix>n. 

No  matter  whether  the  actual  cost  is  less  or  greater  than  the  estimated  cost,  the  contractor's  fee  remains 
unchanged.  Under  this  form  of  contract,  the  architect  may  not  even  have  started  his  plans  when  the  builder 
begins  his  excavation.  Thus  plans  can  be  made  as  the  work  progresses  and  unlimited  changes  can  be  made  in  either 
the  plans  or  specifications.     The  owner  can  purchase  the  nuiterials  or  have  the  builder  do  so. 

Many  of  the  objections  to  other  forms  of  contracts  disappear  under  this  one.  The  builder's  reputation  and  his 
desire  to  obtain  other  work  from  the  owner,  should  cause  him  to  do  economical  work,  unless  he  is  working  at  the 
same  time  on  jobs  based  upon  the  unit  o^lump  sum  form  of  contract.  Then  it  is  but  natural  for  the  builder  to 
use  his  best  men  and  machines  upon  the  contract  where  he  can  save  money  and  add  to  his  profit^  and  his  poorest 
upon  the  contract  where  his  fee  is  fixed. 

36.  Cost  Pius  a  Scale  of  Fees  Contracts. — There  are  two  variations  of  the  cost  plus 
a  scale  of  fees  form  of  contract.  The  prevalent  form  is  to  arrange  a  schedule  showing  probable 
costs,  and  setting  a  scale  of  percentages  or  fixed  fees  to  be  paid  upon  the  scale  or  schedule  of  costs. 
This  was  the  form  of  contract  used  almost  exclusively  by  the  War  Department  of  the  national 
government  for  the  extensive  program  of  construction  carried  on  during  the  World's  War. 

A  second  Variation  of  the  cost  plus  a  scale  of  fees  form  of  contract  is  that  for  which  a  fixed  fee  is  set  for  an 
estimated  amount  of  work,  and  then  a  rising  scale  agreed  upon  for  each  $1000,  $10,000,  or  $100,000  saved  over  this 
estimated  cost,  and  declining  scale  for  each  $1000,  $10,000,  or  $100,000  expended  over  the  estimated  cost,  naming, 
however,  a  minimum  fee  that  is  assured  to  the  contractor. 

With  this  form  of  contract  the  builder  is  penalized  for  running  up  costs,  whether  he  is  at  fault  or  not,  while  he 
earns  a  premium  by  saving  the  owner  money  over  that  of  his  architect's  estimate.  The  greatest  difficulty  is  in 
arriving  at  an  estimated  cost  of  the  work.  This  can  be  done  by  the  owner's  architect  and  the  contractor  agreeing 
upon  an  estimated  cost.  If  these  two  cannot  agree,  they  refer  it  to  an  arbitrator  or  board  of  arbitrators.  If  changes 
are  made  or  extra  work  added,  new  estimates  are  agreed  upon  under  supplemental  contracts  or  by  duplicating  the 
original  agreement. 

3/.  Percentage  Contracts. — The  percentage  form  of  contract  likewise  has  two 
variations.  The  first  one,  used  by  some  municipalities,  is  to  have  the  architect  make  up  an  es- 
timate of  the  cost  of  the  structure.  Contractors  then  make  proposals  based  upon  this  estimate 
by  bidding  a  percentage,  as  one  contractor  may  bid  97%  of  the  cost,  another  100%,  and  a  third 
102  %,  the  award  being  made  to  the  one  biding  the  lowest  percentage.  This  is  also  a  variation 
of  the  lump  sum  form  of  contract  as  in  the  end  the  builder  names  a  lump  sum  based  upon  the 
architect's  estimate. 

The  second  variation  is  that  of  a  contractor  bidding  a  percentage  of  the  cost  as  a  fee  for  which  he  is  willing  to 
build  the  structure.  The  estimated  cost  need  not  be  known  and  plans  may  be  changed,  for  the  percentage  is  paid 
on  the  final  cost.  Here  the  contract  is  awarded  to  the  builder  naming  the  smallest  percentage.  This  form  of 
contract  varies  from  the  cost  plus  a  percentage  form  only  in  the  method  in  arriving  at  the  percentage.  In  one,  the 
owner  and  builder  agree  upon  the  percentage,  while  in  the  last  form,  the  builder  bids  and  names  his  percentage  in  his 
proposal,  the  owner  accepting  the  lowest  percentage  bid. 

4.  General  Contractor. — The  builder  awarded  the  contract  for  the  complete  structure  is 
known  as  the  general  contractor.  He  is  the  one  to  whom  the  owner  looks  for  results.  It  is 
customary  on  all  public  work  and  also  on  many  private  jobs,  for  the  general  contractor  to  give 
bond  for  the  faithful  performance  of  the  contract,  and  to  hold  the  owner  free  from  patent  suits, 
aa  well  as  to  furnish  guarantee  bonds  for  one  year  or  more  for  such  work  as  is  customary  to 
guarantee. 
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The  general  oontracior  may  do  the  greater  part  of  the  oooBtniction  with  his  own  forces,  as  a  rule  doing  the 
carpenter  work,  and  possibly  the  brick  work,  but  in  most  cases  the  various  classes  of  construction  are  sublet  to 
subcontractOTB  who  are  specialists  in  their  respective  lines. 

5.  Subcontractors. — The  general  parte  of  buildings  sublet  are:  foundations,  brick  work, 
steel  construction,  metal  work,  such  as  corniced,  skylights,  etc.,  plastering,  painting,  plumbing, 
and  heating,  electrical  work,  elevators,  marble  work,  stone  masonry,  tiling,  roofing,  and  other 
special  kinds  of  construction.  Mill  work  and  materials  are  always  sublet  unless  the  general 
contractor  happens  to  be  a  dealer  or  manufacturer  of  such  matenals. 

Thus  on  a  large  building  there  may  be  the  general  contractor  and  from  ten  to  twenty 
subcontractors.  The  owner  knows  the  subcontractor  only  through  the  general  contractor,  and 
dealing  with  the  subcontractor  by  the  owner  and  his  architect,  comes  through  the  general  con- 
tractor. The  general  contractor  is  paid  by  the  owner  and  he  in  turn  pajrs  his  subs.  The  gen- 
eral contractor  at  his  option  demands  a  bond  of  the  subcontractor  and  such  guarantee  as  he 
must  make  to  the  owner. 

Contract  agreements  generally  stipulate  that  subcontracts  can  be  made  only  with  the  approval  of  the  architect. 
The  form  of  eontiact  used  between  the  general  contractor  and  the  subcontractors  will  depend  upon  the  form  used 
between  the  owner  and  the  general  contractor.  In  most  oases,  it  is  a  duplication  of  the  form,  as  with  a  lump  sum 
contract,  the  same  form  is  used  with  the  subcontractor.  A  percentage  contract  is  duplicated  in  the  same  manner, 
but  in  such  cases,  the  general  contractor's  percentage  may  be  reduced  upon  the  work  done  by  the  sub.  At  times, 
even  with  a  percentage  or  fixed  fee  contract,  the  owner  elects  to  have  the  subcontractor  do  his  work  for  a  lump 
sum  including  in  it  his  profit.  He  then  treats  such  sum  as  the  cost  to  the  general  contractor  and  pays  him  his  fee  or 
percentage  upon  it. 

It  is  customary,  except  where  the  owner  furnishes  all  materiab,  for  each  subcontractor  to  furnish  the  mat^iab 
he  uses;  thus  his  prices  cover  both  materials  and  labor  as  do  those  of  the  general  contractor. 

6.  Departments  in  Contracting. — Some  general  contractors  instead  of  subletting  various 
lines  of  work,  do  most  of  these  themselves  by  purchasing. materials  and  employing  men  exper- 
ienced  in  the  various  lines.  Thus  under  competent  heads,  departments  are  organized  and  most 
of  the  subcontractors  are  eliminated. 

By  departments  of  this  character,  contractors  are  doing  foundation  work,  concrete  construction,  plumbing' 
heating,  brick  work,  and  many  other  classes  of  construction. 

One  advantage  of  these  departments  is  to  assist  in  building  up  a  strong  contracting  organisation  and  to  be 
able  to  take  subcontracts  thus  keeping  all  departments  busy  whether  the  general  contractor  needs  every  department 
on  his  own  work  or  not. 

7.  Quantities  of  Woik.-^In  order  to  make  up  estimates  of  the  cost  of  any  building  or 
structure,  either  by  the  architect  or  the  builder,  the  quantities  of  the  various  kinds  of  work 
to  be  done  must  be  taken  off  the  plans.  (It  i^  possible  to  roughly  estimate  the  cost  of  certain 
types  of  structures  by  applying  a  guess  price  to  that  area  occupied,  the  cubical  contents,  or  by 
.other  rules.    Accurate  costs  must  be  figured  from  quantities.) 

Such  quantities  are  taken  off  the  architect's  plans  and  from  items  mentioned  in  the  speci- 
fications. The  job  is  a  tedious  one,  and  for  any  size  structure,  consimies  much  time.  These 
lists  are  known  as  schedules.  It  would  seem  natural  that  the  architect  should  be  the  one  to  make 
up  such  schedules  as  he  has  had  the  drawings  and  plans  made  from  his  own  design  and  has 
drawn  up  the  specifications;  consequently,  he  knows  exactly  what  he  has  specified.  In  spite  of 
this,  the  architect  seldom  makes  up  any  such  schedules;  and  furthermore,  he  shifts  the  re- 
sponsibility of  same  upon  the  contractor.  He  goes  even  further  and  throws  the  blame  for 
errors,  omissions,  and  discrepancies  upon  the  builder.  Many  quotations  from  building  speci- 
fications coulH  be  given  to  show  the  position  of  architects  in  these  matters. 

It  is  in  winlring  qp  thsse  schedules  fA  quantities  that  the  completeness  and  accuracy  of  the  architect's  drawings 
are  tested.  It  is  a  surprising  fact  how  few  are  complete  or  accurate,  yet  contractors  are  not  in  a  position  to  protest, 
for  if  ihey  do,  the  architect  simply  drops  such  contractors  from  his  list,  thus  depriving  them  of  the  privilege  of 
bidding.  These  things  are  not  only  an  injustice  to  the  contracting  profession  but  likewise  upon  the  architect's 
client,  the  owner,  for  he  is  sure  to  pay  more  for  his  work  when  there  are  uncertain  features  about  it.  There  is  great 
need  of  reform  in  connection  with  these  conditions  of  contracting.  Although  some  blame  can  be  placed  upon 
builders,  the  greater  part  of  it  lies  at  the  door  of  the  architect  who  is  unwilling  to  assume  any  responsibility  or  ad~ 
ditional  expense  as  long  as  he  works  for  fees. 
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8.  Quantity  Suryeying. — The  act  of  making  schedules  of  quantities  is  known  as  quantity 
surveying.  If  this  survey  is  made  up  accurately  and  furnished  to  both  the  owner  and  to  con- 
tractors making  proposals,  there  is  little  question  but  that  the  minds  of  the  two  parties  to  the 
contract  will  meet  upon  definite  and  accurate  information,  making  a  closer  and  more  economi- 
cal contract  than  when  the  contract  is  based  upon  insufficient  data. 

This  fact  haa  been  Fecogoisod  in  En^nd  and  i>arta  of  Europe  from  which  source  the  making  of  quantity  aur- 
veys  haa  been  brought  to  us.  It  is  now  poeaible  in  some  of  our  largest  dtiea  to  get  tius'surveying  done  by  a  thiid 
party.  Companies  are  offering  their  services  to  owners  and  contractors  to  make  these  aurvesrs,  guaranteeing  the 
quantities  according  to  the  plans  and  specifications  so  that  any  material  or  work  that  is  not  in  the  schedules,  ia 
treated  as  extra  work. 

These  schedules  are  not  only  used  by  the  owner,  his  architect,  and  the  general  contractor,  but  also  by  the  sub- 
contractors. In  many  cases,  they  mean  the  saving  of  plana  and  the  chance  of  obtaining  more  bids  and  greater  com- 
petition, for  subcontractors  frequently  cannot  obtain  plans  if  they  are  in  distant  cities  or  have  not  time  to  take  off 
quantities,  while  from  the  schedules,  estimates  can  be  made  and  mailed  to  the  bidders. 

9.  Bxtra  Work. — All  work  called  for  by  changes  or  not  specified  in  the  original  drawings 
and  specifications,  is  termed  extra  work.  As  this  was  not  included  in  the  original  price,  it 
must  be  paid  for  as  an  extra. 

There  are  two  methods  of  paying  for  such  work.  One  is  by  agreeing  to  a  price  for  each  lot  of  work  and  the 
other  is  to  do  it  by  the  percentage  method;  that  is,  cost  plus  a  percentage,  this  last  being  the  method  in  common 
use.  Bilb  for  such  extra  work  must  be  rendered  to  the  architect  for  his  approval,  after  which  they  are  paid  by 
the  owner.  Disputes  often  occur  over  extra  work  because  of  the  belief  that  many  contractors  swell  the  cost  of  the 
various  items  that  go  to  make  up  the  bills.  For  this  reason,  builders  should  give  the  owner  every  facility  for  check- 
ing up  his  bills,  both  as  to  materials  and  labor. 

IQ.  Construction  BCaterials. — As  a  rule,  construction  materials  are  purchased  by  the  con- 
tractors and  are  not  paid  for  by  the  owner  until  they  are  put  in  place.  Under  some  con- 
tracts, materials  are  paid  for  in  part  when  delivered,  and  are  finally  paid  for  as  a  whole  after 
being  placed. 

In  some  cases,  the  owner  purchases  the  materials  and  the  contractor  stores,  cares  for,  and 
places  them.  In  both  cases,  whether  purchased  by  the  contractor  or  the  owner,  the  contractor 
is  held  responsible  for  them. 

If  the  owner  purchases  the  materials,  it  is  necessary  for  the  oontraetor  to  charge  a  percentage  of  the  coat  to 
cover  the  storage,  handling,  insurance,  responsibility  of  preventing  them  from  being  stcden,  etc.  If  this  is  not 
done,  the  contractor  is  liable  to  sustain  a  loss  upon  that  part  of  the  work. 

If  the  construction  is'  being  done  under  either  the  cost  plus  a  percentage  or  scale  of  fees  form  of  contract, 
the  cost  of  the  material,  even  when  purchased  by  the  owAer,  is  used  to  calculate  the  fee  or  commission  earned  by  the 
contractor,  unless  it  be  especially  stipulated  that  the  commission  is  figured  only  upon  the  labor  costs.  The  gen- 
eral custom  of  the  contractor  purchasing  the  materials,  ur  the  one  favored  by  builders  and  many  contractoxa  wiH 
not  bid  upon  jobs  for  which  the  owners  purchase  the  construction  materials. 

11.  Plans  and  Spedfications. — The  plans  and  specifications  are  made  up  by  the  architect 
except  when  a  contractor  agrees  to  get  up  plans  and'specifications  for  the  owner  in  addition  to 
doing  the  construction,  thus  saving  the  fees  of  the  architect.  However,  this  is  not  a  common 
practice  except  for  small  buildings,  alterations,  and  work  in  the  country  on  building  bams  and 
other  farm  structures. 

For  steel  construction  and  concrete  buildings,  contracts  generally  specify  that  the  contractor  must  furniah 
the  detail  working  drawings,  the  owna  furnishing  only  the  general  plan,  loads,  and  such  data,  ao  that  the  contrac- 
tor can  have  his  details  worked  up.  If  this  work  is  done  by  a  subcontractor,  the  general  contractor  shifts  the 
responsibility  for  these  working  drawings  upon  the  sub. 

Owners  and  architects  are  not  liberal  in  furnishing  plans  to  contractors  for  estimating.  They  have  lists,  except 
for  public  work,  of  contractors  whom  they  invite  to  bid  and  will  not  give  plans  to  anyone  except  those  on  their 
lists.  It  is  also  becoming  a  common  practice  to  make  contractors  pay  for  copies  of  plans  or  to  demand  a  depoait  of 
from  SIO  to  SlOO  for  a  set  of  plans.  This  money  is  returned  to  the  contractors,  other  than  the  successful  bidder, 
when  a  bid  is  made  or  upon  the  return  of  the  plans. 

12.  Changes  in  Plans. — The  right  is  always  reserved  in  the  specifications  to  allow  the  owner 
to  make  such  changes  in  the  plans  and  specifications  as  he  may  see  fit.  For  public  work,  no 
public  ofiicer  has  the  authority  to  change  the  specifications,  but  the  plans  may  be  changed. 
There  is  no  injustice  to  the  contractor  if  some  minor  change  is  made,  but  to  make  drastic  changes 
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(except  under  the  cost  plus  a  percentage  or  fee  form  of  contract)  results  in  a  hardship  for  the 
builder  unless  the  proper  allowance  is  made  or  the  change  is  treated  as  extra  work. 

At  times  changes  are  made  that  entirely  alter  the  character  of  the  construction,  so  that  a 
new  contract  should  be  made.  To  make  changes  and  then  attempt  to  throw  the  responsibility 
for  them  upon  the  builder,  as  well  as  the  extra  cost,  is  wrong. 

In  making  plans  for  foundationa,  it  is  sometimes  the  ouatom  to  show  a  certain  depth  at  which  suitable  founda- 
tions may  be  securedi  and  then  to  ask  for  unit  prices  to  cover  any  additional  depth  to  which  the  work  must  be 
carried,  this  being  paid  in  addition  to  the  lump  sum  price.  A  unit  price  is  also  asked  for  any  deduction  from  the 
quantities  shown  on  the  plans  should  it  be  found  advisable  to  go  to  a  less  depth.  This  is  a  fair  method  of  covering 
certain  kinds  of  changes  in  plans. 

Even  at  the  beet,  disputes  are  likely  to  occur  over  changes  in  plans.  It  is  always  advisable  to  give  the  making 
of  all  plans  careful  and  mature  consideration  in  order  that  the  number  of  changes  may  be  kept  to  the  minimum. 

18.  Arbitration. — Disputes  will  often  arise  over  construction  contracts  with  resultant 
lawsuits.  When  such  occur,  highly  technical  subjects  and  the  ethics  of  construction  are 
carried  before  a  jury,  and  court  that  know  little,  if  anything,  of  such  matters;  therefore,  these 
things  only  become  confused  in  their  minds,  and  courts,  instead  of  dispensing  justice,  dispense 
law.  To  overcome  this,  arbitration  is  being  used  in  connection  with  suits  over  construction. 
Arbitration  has  no  legal  standing  under  our  laws  and  before  our  courts  though  in  European 
countries  it  has.  Contractors,  through  their  various  organizations,  should  work  to  have  a  legal 
status  given  to  arbitration. 

The  advantage  of  arbitration  over  the  courts  is  that  men  trained  in  construction,  listen  to  disputes,  and  knowing 
every  phase  of  the  subject,  quickly  see  the  injustice  to  one  party  and  thus  render  a  just  decision.  Time  and  ex- 
pense are  both  saved  in  explaining  technical  subjects,  as  arbitrators  chosen  from  the  profession  are  fannliar  with 
such  things. 

It  is  possible  for  every  construction  contract  to  contain  a  paragraph  setting  forth  that  disputes  must  be  settled 
by  arbitration,  stating  the  number  of  arbitrators  and  the  method  of  selecting  and  paying  them.  Explicit  rules 
can  abo  be  land  down  for  hearings  and  investigations  so  that  every  dispute  may  be  handled  promptly  and  gone 
into  thoroughly.  Each  party  to  the  contract  should  bind  himself  to  accept  and  stand  by  the  decision  of  the  arbi- 
trators.    This  is  not  legally  biiuling  but  it  will  in  most  cases  bring  satisfactory  results. 

14.  Architect's  Contracts.^ — The  architect  for  a  building,  except  in  cases  where  the  archi- 
tect is  employed  on  a  yearly  salary,  is  employed  by  contract  by  the  owner  and  is  generally 
paid  a  commission  upon  the  cost  of  the  work,  although  at  tinles  a  flat  fee  is  agreed  upon. 
Even  if  there  is  not  a  written  agreement,  an  oral  contract  is  generally  made.  Two  services 
are  covered  in  these  contracts;  (1)  getting  up  the  specifications  and  plans,  and  (2)  super\'ising 
the  construction. 

For  some  public  buildings^  large  bridges,  and  memorials,  prize  competitions  are  held  to 
obtain  th^  best  designs  from  architects.  The  first  prize  carries  with  it  the  prize  money,  pay- 
ment for  the  plans,  and  supervision  of  the  construction.  The  other  plans  submitted  may 
secure  a  prize  but  nothing  else. 

Architects  are  also  asked  at  times  to  compete  in  making  plans  but  inasmuch  as  this  entails  much  work  with 
little  chance  of  compensation,  few  well  established  architects  will  enter  such  competitions.  In  most  cases,  archi- 
tects must  depend  upon  their  recognised  abUity,  their  experience,  and  their  acquaintances  to  obtain  jobs. 

Some  architects  have  a  standard  form  of  contract  to  use  with  their  clients.  Others  set  forth  by  letter  to  their 
dienta  what  services  they  will  render  and  their  rate  of  compensation,  the  client  accepting  the  offer  by  letter.  Either 
method  is  considered  a  legal  agreement  under  which  an  architect  can  recover.  An  architect  who  looks  after  his 
own  contract  with  his  client  in  the  proper  manner  is  likely  to  make  the  proper  kind  of  a  contract  with  the  builder 
in  behalf  of  the  owner  and  be  fair  to  both  parties. 

>  See  also  Sect.  3. 
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SECTION  5 

SPECIFICATIONS 
By  Daniel  J.  Hauer 

The  specifications  covering  any  construction  work  are  the  most  important  of  all  things  in 
connection  with  any  job.  They  mean  good  or  indifferent  work,  expensive  or  cheap  construo- 
tion^  the  wasting  of  money  or  economical  construction,  the  placing  of  hardships  upon  either 
the  owner  or  builder,  and  can  prevent  or  lead  up  to  lawsuits.  Both  thought  and  time  should 
be  given  to  their  preparation. 

!•  Specifications  Should  be  Definite. — ^The  first  consideration  for  any  specifications  is 
to  have  them  written  for  the  job  at  hand  and  not  copy  them  from  some  other  job.  Many 
architects  do  copy  their  specifications  either  from  those  gotten  up  by  others  or  from  those  used 
by  themselves  for  other  jobs.  At  times  some  great  misfits  occur  by  this  haphazard  practice. 
Specifications  covering  frame  buildings  have  been  used  for  brick  structures  only  by  adding 
articles  on  brick  work. 

It  is  not  necessary  that  every  detail  be  written  for  each  job.  Brick  work  and  the  general 
conditions  governing  it  can  be  the  same  on  every  job;  so  it  can  be  with  concrete  and  wood  work; 
in  fact,  most  of  the  general  lines  can  be  standard  simply  adding  the  liecessary  things  for  each 
particular  job.  By  this  method,  much  work  can  be  saved  in  getting  up  specifications.  Under 
no  circumstances  should  special  clauses  be  inserted  imless  meant  to  cover  the  particular  work 
to  be  done. 

Then  too,  all  apeoifications  should  be  definite;  ambiguous  clauses  should  be  eliminated.  Expressions,  such  aa 
"the  owner  will  designate  the  style  of  fixtures,"  or  "as  the  architect  may  direct,"  or  "the  number  of  panels  will  be 
designated  by  the  owner  or  the  architect"  should  be  excluded.  Decisions  as  to  what  is  to  be  specified  should  be 
made  before  writing  up  specifications,  and  when  this  cannot  be  done,  certain  things  should  be  provided  for  in  a  defi- 
nite manner  and  also  provide  for  an  alternate.  To  be  definite  means  to  save  money  and  secure  the  oonfidenoe 
of  builders;  it  also  prevents  lawsuits.     Specifications  which  are  not  clear  add  to  costs  and  lead  to  lawsuits. 

2.  Forms  of  Specifications. — ^There  are  many  forms  of  specifications;  some  are  gotten 
up  as  a  pamphlet  or  book;  others  are  in  the  form  of  a  legal  brief;  others  consist  of  a  set  of  blue- 
prints fastened  together  at  one  end;  while  short  specifications  may  be  in  the  form  of  a  letter. 
There  is  always  a  demand  from  some  people  for  a  standardization  of  any  kind  of  document, 
going  into  shape,  and  size,  and  even  the  kind  and  size  of  type.  This  may  be  desirable,  but 
there  are  many  reasons  why  architects  are  not  likely  to  adopt  any  standard.  One  is  the  cost, 
especially  for  small  jobs  and  short  specifications,  and  another  is  the  loss  of  the  architect's 
individuality  in  any  standardization.  A  reputable  and  successful  firm  wishes  to  distinguish 
itself  from  others  by  the  character  of  the  work  that  comes  from  its  office.  Each  architect 
shoiild  have  a  standard  for  himself  but  his  need  not  conform  to  another's  standard.^ 

The  following  general  form  can  be  followed  or  a  standard  can  be  devised  from  the  memoran- 
dum here  given: 

The  Cover. — The  cover,  both  front  and  back,  may  have  on  it  the  name  of  the  structure  and  also  that  of  the 
architect.  This  may  be  simple  or  quite  elaborate,  giving  individuality  to  the  specifications  and  also  serving  aa 
an  advertisement  for  the  architect. 

Photographa, — The  first  page  may  have  on  it  an  elevation  or  from  one  to  three  elevations  showing  the  comr 
pleted  structure.  This  is  not  a  necessity  but  it  adds  to  the  appearance  of  the  specifications  and  distinguishes  them 
from  others.  These  elevations  may  be  reproductions  from  wash  drawings  or  pen  or  pencil  sketch,  or  white  or  blue 
print  reduced  in  sice  from  the  architect's  drawings,  or  a  copy  of  the  drawings  in  a  reduced  scale  may  also  be  used 
hero. 

1  A  standard  form  of  contract  and  specificaton  adopted  by  the  American  Institute  of  Architects  can  be  ob- 
tained from  them  for  a  small  price.    Address,  The  Octagon,  Washington,  D.  C. 
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AdvtrtinmenL'^On  th^  next  page  should  appear  the  advertisement  for  the  bids.  If  an  official  advertisement 
is  published  in  any  paper,  a  oopy  of  it  may  appear  on  this  pace,  but  as  on  many  private  jobs  such  advertisements 
are  not  used,  on  this  page  may  appear  the  conditions  of  biddings  and  a  statement  of  the  time  and  manner  in  which 
proposals  will  be  received. 

Copyright, — On  the  reverse  side  of  this  page,  the  date  and  ownership  of  the  copyright  of  the  specifications  may 
appear  should  the  arohitect  wish  to  protect  his  work  by  copyright.  Generally  speaking,  unless  specifications  are 
printed,  only  one  side  of  the  sheet  should  be  used  so  as  to  keep  the  reading  dear  out  and  also  to  prevent  the  con- 
fusion of  figures  and  abbreviations  as  may  happen  when  marks  and  signs  show  through  the  sheets. 

Propaaal. — ^Fc^owing  the  advertisement  should  come  the  proposal  form.  A  note  or  page  should  set  forth  that 
bids  will  not  be  received,  or  will  be  considered  informal,  unless  submitted  upon  the  proposal  form.  If  it  is  desired, 
the  page  or  pages  of  the  proposal  may  be  on  perforated  sheets  so  that  they  can  be  detached  and  submitted  separ- 
ately. However,  it  is  good  practice  to  have  the  proposal  sheets  bound  in  the  specifications  so  that  they  wHl  be 
returned  as  part  of  the  contract  agreement  and  specifications  and  thereby  help  to  make  up  the  complete  set  of 
papers.  Ample  room  should  be  provided  to  allow  for  signatures  and  scab  of  corp<x«tions  as  well  as  to  give  in> 
formation  as  to  those  interested  in  the  firm  or  corporation  of  contractors  or  builders. 

Bond. — ^Following  the  proposal  should  come  the  form  of  bond  for  the  faithful  completion  of  the  contract. 
This  bond  or  additional  ones  may  b®  made  to  cover  guarantees,  damage  to  surrounding  property,  fire  and  wind 
risks,  suits  for  royalty  or  for  infringement  of  patent  rights,  and  other  features  for  which  bonds  are  given. 

The  cost  of  a  construction  bond  is  not  based  upon  the  amount  of  bond  demanded,  but  upon  the  total  cost  of  the 
work,  so  there  is  no  reason  to  stipulate  that  bond  for  $10,000  or  for  half  the  amount  of  the  contract  shall  be  given. 
The  proper  method  jriiould  be  to  state  that  bond  to  cover  the  amount  of  the  job  will  be  provided. 

Contract, — The  next  thing  should  be  the  contract  form  or  agreement.  This  should  be  as  short  as  possible,  and 
explicit  and  definite,  setting  forth  the  parties  to  the  contract,  their  rights  and  what  each  agrees  to  do.  A  blank 
space  should  be  provided  to  list  the  contract  drawings  and  plans  and  likewise  the  general  conditions  of  the  proposal, 
bond,  contract  and  specifications.  Should  these  be  numbered  according  to  paragraphs  or  pages,  reference  should 
be  made  to  the  numbers  included  within  the  covers  that  are  meant  to  govern  the  work.  The  listing  of  the  drawiKgs 
and  specifications  is  essential  in  order  to  make  them  an  integral  part  of  the  contract.  At  the  end  of  the  contract 
form,  space  must  be  provided  for  the  signatures,  seals,  and  witnesses  of  the  parties  to  the  contract. 

Qmtrid  ConditionB. — Immediately  following  the  contract  should  be  tho  general  conditions  of  the  contract 
governing  the  work. 

PrineipaU  and  DeAnitions. — The  principals  are  shown  by  the  agreement,  but  under  this  head  ci^n  be  given  their 
legal  rights  and  any  definitions  to  make  the  contract  clear. 

BxeeuHon  and  Intent. — These  paragraphs  are  self-explanatory. 

ArckUeet'a  and  Engineer'a  Stattu. — The  standing  and  responsibility  of  these  parties  should  be  set  forth  in  detail. 

An^itecCa  and  Bngineer'a  Deeiaiona.—^MnAer  this  heading  is  given  the  finality  of  the  decisions  of  these  officials. 

ContradoTt  Superintendent,  JBlc.— -Here  the  standing  of  the  contractor,  bis  superintendent,  and  foremen,  is  set 
Jorth;  also  stating  that  some  responsible  parties  will  always  be  present  t^  receive  the  orders  and  instructions  of  the 
architect. 

Tiwte  Limita. — Tdl  when  the  work  must  be  started,  of  the  progress  to  be  made,  and  the  limit  for  completion. 

t>etaU  Drawinae,  Jnatruetiona. — This  covers  these  subjects  and  telb  who  must  pay  for  the  detail  drawings. 

i8«irMv.— Tells  who' is  to  make  the  survey  and  pay  the  cost,  and  who  is  responsible  for  the  drawing  up  of  tho 
necessary  certificate. 

Materiale. — The  furnishing,  storing,  care  and  responsibility  of  all  materials. 

iMtber  UtUMea. — ^List  the  utilities  to  be  furnished  for  the  laborers  and  state  who  is  to  pay  tho  cost. 

Permita. — ^Tell  who  must  obtain  and  pay  for  all  necessary  permits,  ordinances,  etc. 

Jnepeetion. — Cover  all  inspection,  and  give  the  status  of  inspectoxB. 

Protection  of  Work  and  Propertiea. — This  is  self-explanatory. 

Damage  or  Injury  to  Peraona. — Thih  heading  is  likewise  self-explanatory. 

Ineurance. — Set  forth  the  carrying  of  compensation  insurance  for  laborers,  fire  Insurance,  and  any  other  risks 
that  are  to  be  covered  by  insurance. 

Bonda. — Tell  what  bonds  are  to  be  furnished  and  who  is  to  pay  the  premiums. 

Paynunta. — Tell  of  payments  to  be  made  as  the  work  progresses  and  the  date  of  each,  as  well  as  the  time 
at  which  the  owner  must  pay  the  retained  percentage  and  final  estimate. 

Retained  Percentage. — Tell  what  percentage  of  the  progress  payments  is  to  be  held  until  the  job  is  completed. 

Ckangea  in  Plane  and  Work. — This  provides  for  the  making  of  desired  changes  together  with  their  costs. 

Additiona. — This  foUows  the  changes. 

Deduetione. — This,  like  the  additions  in  quantities  of  work,  comes  in  at  this  point. 

Sxtraa. — Naturally  follow  here.     Tell  of  the  method  of  payment. 

IrMfM.— Cover  how  the  owner  shall  be  protected  from  liens. 

BoyaUiee  on  Patente. — Set  forth  who  shall  pay  these  and  the  protection  that  the  owner  desires. 

Uae  of  Premiaee,^TeXi  how  the  contractor  may  use  the  owner's  premises  and  the  care  that  must  be  taken  of 
the  property. 

Cleaning  Up. — Tell  that  the  builder  must  clean  up  the  property. 

Ddaye. — Cover  delays  to  the  work  and  the  responeibility  for  same,  and  stipulate  how  delasm  will  effect  the 
time  limit. 

Terminalfng  Coniraci.—Tt>IX  how  the  contract  may  be  terminated. 

Subeontractora. — Set  forth  how  subcontracts  may  be  made,  the  approval  of  all  subcontractors,  and  their 
stains. 


1076  HANDBOOK  OF  BUILDING  CONSTRUCTION  (Sec.  6-3 

At9iffnm«nU.''-Covet  aasigomenta  of  the  oontrmct  and  suboootracts. 

ArhitraHon. — Set  forth  how  disputes  are  to  be  settled  by  arbitration. 

Office. — Tell  that  the  builder  must  maintain  an  office  on  the  job  equipped  with  a  telephone  and  that  plans  and 
specifications  must  be  on  file  in  this  office. 

Sanitation  and  J>rainaQ€. — CoVer  temporary  sanitation  and  drainage  until  job  is  finished. 

Temporary  Connection  wth  Pipe;  Etc. — Tell  how  these  must  be  made  and  at  whose  expense. 

Specificatione. — Under  this  heading  comes  the  details  of  all  the  rlassrw  of  work  to  be  done,  the  principal  kinds 
being  listed  as  follows:  excavation,  foundations  and  footings,  stone  masonry,  concrete,  mortar,  brick  work,  terra 
ootta,  hollow  tiles,  fireproofing,  floors,  steel  and  iron,  galvanised  metal,  copper,  metal  flashing,  roofs,  partitions, 
lathing  and  plastering,  wallboard,  ceilings,  carpenten'  and  jointers'  work,  mill  work,  painting,  glasing,  oomiee, 
exterior  finish,  hardware,  plumbing,  heating,  lighting,  elevators,  specials  of  all  kinds,  and  alternates. 

Additional  classes  of  construction  and  the  finish  of  the  various  work  or  the  placing  of 
machinery  and  other  features,  can  all  be  covered  under  specials. 

At  the  end  of  the  specifications  space  should  be  provided  for  the  builder  to  sign  the  specifi- 
cations in  the  presence  of  witnesses.  Over  this  signature  should  b&  a  short  statement  setting 
forth  that  the  builder  has  read  the  specifications  from  page  one  to  page  (the  last  page  inclusive}, 
or  if  the  pages  are  not  numbered  but  the  paragraphs  are,  then  use  the  numbers  of  the  para- 
graphs. This  signing  of  specifications  prevents  the  contractor  from  sa3ring  he  has  not  seen  or 
does  not  know  certain  provisions  of  the  specifications  or  general  terms  of  the  contract.  Some 
few  architects  go  farther  than  this  and  have  the  contractor  sign  each  page  of  the  specifications 
so  as  to  prevent  pages  from  being  ignored,  lost,  or  destroyed.  This  may  be  going  to  extremes, 
but  it  is  always  advisable  to  have  the  specifications  signed. 

3.  Contract  Kept  Secret. — It  is  the  part  of  good  business  to  keep  secret  or  private,  the 
contract  part  of  the  agreement,  regarding  prices,  payments,  and  similar  features.  This  prevents 
sup>erintendents,  foremen,  clerks  and  others  from  knowing  too  much  of  the  owner's  and  con- 
tractor's business.  For  this  reason,  in  the  outline  of  contract  form  and  specifications  given 
above,  it  is  possible  to  remove  the  proposal  and  agreement  from  the  cover,  keeping  in  it  the 
general  conditions,  other  features,  and  specifications  for  use  among  employees. 

4.  Schedules  of  Materials  and  Work. — Following  the  altemates  in  the  specifications,  it  is 
possible  to  give  the  schedules  of  materials  as  taken  from  the  drawings  and  specifications. 
(Only  recently  the  writer  saw  such  schedules  attached  to  the  specifications.)  This  allows  the 
contractor  to  know  definitely  what  the  owner  and  architect  desire  as  to  grades  and  qualities. 
It  is  also  a  check  upon  the  plans.  A  buUder  can  easily  check  up  such  a  schedule  from  the 
drawings  and  specifications.  Such  schedules  of  materials  also  allow  the  contractor  to  obtain 
prices  quickly  while  he  is  estimating  on  the  job  instead  of  receiving  some  prices  after  the  pro- 
posal is  submitted. 

Reference  has  already  been  made  as  to  quantity  surveying.  Such  survesrs  would  not  only  give  the  schedules 
of  materials  but  also  the  work  or  labor  schedules  which,  if  made  out,  should  follow  the  list  of  materials.  These 
schedules  would  make  the  bidders  have  the  same  knowledge  of  the  job  as  the  architect  possesses*  thus  allowing  closer 
and  more  accurate  estimates  to  be  given. 

6.  Penalties. — Penalties  should  never  be  stipulated  or  mentioned  in  the  contract  or  speci- 
fications. Courts  do  not  look  with  favor  upon  penalties.  Instead,  it  can  be  stipulated  that 
the  contractor  agrees  to  pay  ceftain  sums  of  money  for  delays  and  other  hardships  placed  upon 
the  owner.     These  are  agreed  upon  by  both  parties  to  the  contract  as  liquidated  damages. 

Certain  sums  are  sometimes  agreed  upon  as  liquidated  damages  for  each  day's  dday  in  finishing  a  job.  This 
is  legal,  but  if  such  damage  to  the  owner  really  occurs,  then  he  is  benefitted  in  the  same  sum  should  the  contractor 
finish  ahead  of  the  stipulated  date.  It  lb  but  fair  that  if  the  contractor  pays  for  each  day's  delay,  he  should  be  given 
a  bonus  of  the  same  amount  for  each  day  that  he  finishes  ahead  of  the  contract  time.  Thus  a  forfeit  and  bonus 
contract  should  be  made. 

6.  Material  Standards  in  Specifications. — Today  many  national  engineering  and  technical 
societies  and  associations  have  adopted  standard  specifications  governing  the  selecting  and 
grading  of  materials  and  work.  There  are  standard  specifications  and  grading  rules  for  lumber, 
cement,  steel,  electric  wiring,  fireproofing,  and  other  lines.  Such  standards  should  be  followed 
in  the  regular  building  specifications,  but  it  is  improper  to  copy  the  long  specification  for  many 
builders  are  not  accustomed  to  the  special  terms,  etc.,  in  them  and  they,  feeling,  uncertain, 
protect  themselves  by  adding  a  percentage  to  cover  any  rejections  under  such  specifications. 
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Iiiat«*d  of  copying  Sttoh  specificationa,  it  is  proper  to  mention  them  by  name;  as  the  lumber  muat  be  mer- 
chantable stock  as  set  forth  in  the  specifications  of  the  National  Lumbermen's  Association^  and  the  cement  must 
be  accordinc  to  the  standard  of  the  American  Society  of  Testing  Materials,  and  so  on  through  a  long  list.  Any 
con^«ctor  can  obtain  copies  of  such  standards. 

7.  City  Codes. — All  construction  done  in  towns  and  cities  must  conform  to  the  city  codes, 
and  the  jobs  must  be  passed  upon  by  the  city  inspectors.  It  is  necessary  to  have  the  plans  passed 
upon  by  the  building  insi>ector  and  a  permit  obtained  before  the  job  can  be  started.  If  a  fee 
must  be  paid  for  this  permit,  it  is  customary  for  the  owner  to  pay  it,  although  under  some  speci- 
fications the  cost  of  the  permit  is  placed  upon  the  builder. 

The  builder  must  also  conform  to  the  city  building  regulations,  the  ordinances  regarding  the  safety  of  pedes- 
trians and  vehicles,  and  those  regulating  the  blocking  of  sidewalks  and  streets. 

8.  Sheets'  for  Specifications. — In  writing  specifications  and  having  certain  standards,  it 
becomes  possible  to  cover  the  main  features  of  a  job  with  these  standards.  Thus,  most  of  the 
concrete  construction  can  be  standard,  one  job  being  similar  to  another;  the  carpenter  work  can 
be  the  same;  likewise  floors,  mill  work,  painting,  glazing,  etc.  Now  if  the  specifications  for  each 
class  of  work  or  type  of  construction  are  written  or  printed  upon  separate  sheets,  and  the  various 
standards  not  run  from  one  sheet  or  set  of  sheets  to  another,  it  becomes  very  easy  to  get  up  a 
set  of  specifications. 

'With  the  standard  for  each  class  of  work  printed  upon  one  sheet  or  set  of  sheets,  the  material  for  the  variou* 
kinds  of  construction  can  be  taken  from  a  file  and  jdaced  together  according  to  the  arrangement  given  in  this 
section,  or  the  order  adopted  by  the  architect.  Thus  the  greater  part  of  the  contract  form  and  specifications  can 
be  compiled  from  sheets  already  written  or  printed.  Blank  spaces  left  on  the  bottom  of  these  sheets  or  extra  blank 
sheets  placed  in  the  specifications,  will  provide  ample  room  for  writing  out  those  details  that  must  be  special  for 
each  new  job.  In  this  manner,  an  architect's  specifications  will  vary  on  different  jobs  only  for  those  details  that 
must  be  gotten  up  special  for  each  undertaking.    Those  architects  who  have  tried  this  method  consider  it  ideal. 

9.  Onerous  Specifications, — In  concluding,  it  must  be  remembered  that  vague  or  indefi- 
nite conditions  in  a  contract,  and  such  clauses  and  provisions  in  specifications,  especially  for 
architectural  construction,  have  as  much  to  do  with  adding  to  the  cost  as  impractical  and  poorly 
prepared  plans.  Contracts  and  specifications  must  be  fair  and  definite, if  good  work  is  to  be 
done  at  a  reasonable  cost. 
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SECTION  1 


HEATING,  VENTILATION,  AND  POWER 


By  Ira  N.  Evans 


PROPERTIES  OF  AIR,  WATER,  AND  STEAM 

1.  Water.— Water  Is  a  chemical  compound  compotsed  of  16  parts  by  weight  of  oxygen  and  2 
parts  hydrogen,  or  2  volumes  of  hydrogen  to  1  of  oxygen  (H3O).  It  is  practically  incompressible 
but  its  weight  per  cubic  foot  changes  with  the  temperature  (see  Columns  1  and  6,  Table  2).  A 
U.  S.  gallon  occupies  231  cu.  in.  and  weighs,  at  62  deg.  F.,  approximately  8.83  lb.,  and  1  cu.  ft. 
=  7.48  gal.  The  boiling  point  of  water  varies  with  the  absolute  pressure  upon  its  surface 
— that  is,  every  absolute  pressure  has  a  fixed  boiling  point.  For  example,  212  deg.  F.  is  the  boil- 
ing point  for  a  pressure  of  1 1.7  lb.  The  boiling  point  also  changes  with  altitude  above  sea  level 
due  to  the  reduced  atmospheric  pressure.  The  following  table  gives  the  boiling  point  at  different 
altitudes : 

•    Table  1. — Boiling  Points  of  Watbb  at  Different  Altitudes 


Boiling  point 

Altitude  above  »ea  level 

Atmospheric  pressure 

Barometer  reading 

(Fahr.) 

(feet) 

(lb.  per  sq.  in.) 

(inches  of  mercury) 

186*» 

14.049 

8.38 

17.06 

190*> 

11,800 

9.34 

19.02 

195« 

9,030 

10.39 

21.15 

200'* 

6.304 

11.52 

23.47 

206« 

3.642 

12.77 

26.00 

210'* 

1,025 

14.13 

28.76 

The  specific  heat  of  water,  or  the  number  of  British  thermal  units,  (B.t.u.)  required  to  raise 
the  temperature  of  1  lb.  of  pure  water  1  deg.  F.,  varies  slightly  with  the  temperature,  but  for 
all  purposes  of  heating  it  may  be  taken  at  1  B.t.u.  per  lb.  Table  2  is  a  steam  table  which  gives 
the  boiling  point  for  various  pressures. 
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Tablb  2. — Thbrmai*  and  Physical  Pbopbrtieb  of  Watbb  and  Saturatbd  Stbam 

Marks  and  Davis 


Vacuom 

Absolute 

Bpeoifio 

Density 

Weight  of 

Heat  of 

Xatent 
heat  of 

Total 

Temp. 

(inches  of 

prssBure 

volume 

(lb.  per 

liqmd 

liquid 

heat  of 

(Pahr.) 

mercury) 

(lb.  per 

(eu.  ft. 

cu.ft) 

(lb.  per 

(B.t.u.) 

evapora* 

StSRin 

Qage  pres- 

Bure  (lb. 

sq.  in.) 

per  lb.) 

• 

ou.  ft) 

>       * •    ■  ■  "^ 

tion 
(B.t.u.> 

(B.t.u.) 

• 

per  eq.  in.) 

(1) 

(2) 

(8) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

32 

29,74 

0.0886 

3294.0 

0.000304 

62.418 

0.00 

1073.4 

1073.4 

35 

29.71 

0.0999 

2938.0 

0.000340 

62.425 

3.02 

1071.7 

1074.7 

40 

29.67 

0.1217 

2438.0 

0.000410 

62.43 

8.05 

1068.9 

1076.9 

45 

29.620 

0.1475 

2033.0 

0.000492 

62.425 

18.07 

1066.1 

1079.2 

50 

29.560 

0.1780 

1702.0 

0.000587 

62.42 

18.08 

1063.8 

1081.4 

55 

29.464 

0.2140 

1430.0 

0.000700 

62.395 

23.08 

1060.6 

1083.6 

60 

29.40 

0.2562 

1208.0 

0.000828 

62.37 

28.08 

1057.8 

1085.9 

65 

29.30 

0.3054 

1024.0 

0.000977 

62.335 

33,07 

1055.0 

1088.1 

70 

29.18 

0.3626 

871.0 

0.001148 

62.300 

38.06 

1052.3 

1090.3 

75 

29.047 

0.4288 

743.0 

0.001346 

62.260 

43.05 

1049.5 

1092.5 

80 

28.891 

0.505 

636.8 

0.001570 

62.220 

48.03 

1046.7 

1094.8 

85 

28.711 

0.594 

545.9 

0.001832 

62.165 

53.02 

1044.0 

1097,0 

90 

28.503 

0.696 

469.3 

0.002131 

62.110 

58.00 

1041.2 

1099.2 

05 

28.265 

0.813 

405.0 

0.002469 

62.055 

62.99 

1038.4 

1101.4 

100 

27.994 

0.946 

350.8 

0.002851 

62.00 

67.97 

1035.6 

1103.6 

105 

27.684 

1.098 

304.7 

0.003282 

61.930 

72.95 

1032.8 

1105.8 

no 

27.331 

1.271 

265.5 

0.003766 

61.860 

77.94 

1030.0 

1108.0 

115 

26.933 

1.467 

231.9 

0.004312 

61.785 

82.92 

1027.2 

1110.2 

120 

26.482 

1.689 

203.1 

0.004924 

61.71 

87.91 

1024.4 

1112.3 

125 

25.974 

1.938 

178.4 

0.005605 

61.63 

92.90 

1021.6 

1114.5 

130 

25.40 

2.219 

157.1 

0.006370 

61.55 

97.89 

1018.8 

1116.7 

135 

24.76 

2.533 

138.7 

0.00721 

61.465 

102.88 

1016.0 

1118.8 

140 

24.04 

2.885 

122.8 

0.00814 

61.38 

107.87 

1013.1 

1121.0 

145 

23.25 

3.277 

109.0 

0.00918 

61.29 

112.86 

1010.3 

1123.1 

160 

22.35 

3.714 

96.9 

0.01032 

61.20 

117.86 

1007.4 

1125.3 

155 

21.37 

4.199 

86.4 

0.01157 

61.10 

122.86 

1004.5 

1127.4 

160 

20.27 

4.737 

77.2 

0.01296 

61.00 

127.86 

1001.6 

1129.5 

165 

19.06 

5.333 

69.1 

0.01448 

60.90 

132.86 

998.7 

1131.6 

170 

17.72 

5.992 

62.0 

0.01614 

60.80 

137.87 

995.8 

1133.7 

175 

16.25 

6.714 

55.7 

0.01796 

60.69 

142.87 

992.9 

1135.7 

180 

14.63 

7.51 

50.15 

0.01994 

60.58 

147.88 

989.9 

1137.8 

185 

12.85 

8.38 

45.25 

0.02210 

60.47 

152.89 

986.9 

1139.8 

190 

10.90 

9.34 

40.91 

0.02444 

60.36 

157.91 

983.9 

1141.8 

195 

8.77 

10.39 

37.04 

0.02700 

60.24 

162.92 

980.9 

1143.8 

200 

6.45 

11.52 

33.6 

0.02976 

60.12 

167.94 

977.8 

1145.8 

205 

3.92 

12.77 

30.53 

0.03276 

60.00 

172.96 

974.7 

1147.7 

210 

1.16 

14.13 

27.8 

0.03597 

59.880 

177.99 

971.6 

1149,6 

212 

0.00 

14.7 

26.79 

0.03732 

59.83 

180.00 

970.4 

1150.4 

215 

0.90 

15.6 

25.35 

0.03945 

59.755 

183.00 

968.4 

1151.5 

220 

2.49 

17.19 

23.15 

0.04320 

59.630 

188.10 

966.2 

1153.3 

225 

4.21 

18.91 

21.17 

0.04723 

59.500 

193.10 

962.0 

1156.1 

230 

6.07 

20.77 

19.39 

0.0616 

50.370 

198.20 

958.7 

1156.9 

235 

8.09 

22.79 

17.78 

0.0562 

59.240 

203.20 

955.4 

1158.7 

240 

10.27 

24.97 

16.32 

0.0613 

69.110 

208.30 

952.1 

1160.4 

245 

12.61 

27.31 

15.01 

0.0666 

58.970 

213.40 

948.7 

1162.1 

250 

15.12 

29.82 

13.82 

0.0724 

58.830 

218.50 

945.3 

1163.8 

255 

17.83 

32.53 

12.74 

0.0785 

58.690 

223.50 

941.9 

1165.4 

260 

20.72 

35.42 

11.76 

0.0850 

58.550 

228.60 

938.4 

1167.0 

265 

23.82 

38.52 

10.87 

0.0920 

58.405 

233.70 

934.9 

1168.6 

270 

27.15 

41.85 

10.06 

0.0994 

68.260 

238.80 

931.4 

1170.2 

275 

30.70 

45.40 

9.32 

0.1073 

68.110 

243.90 

927.9 

1171.8 

280 

34.48 

49.18 

8.64 

0.1157 

57.960 

249.00 

924.3 

1173.3 

285 

38.54 

53.24 

8.02 

0.1246 

57.805 

254.20 

920.5 

1174.7 

290 

42  85 

57.56 

7.46 

0.1341 

57.650 

259.30 

916.9 

1176.2 

292 

44.64 

59.34 

7.24 

0.1380 

57.586 

261.30 

915.4 

1176.8 

295 

47.43 

62.13 

6.94 

0.1441 

57.490 

264.40 

913.2 

1177.6 

297 

48.34 

64.04 

6.74 

0.1483 

67.426 

266.50 

911.7 

1178.2 
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Table  2  (corUinued). — Thermal  and  Physical  Properties  of  Water  and  Saturated  Steam 


Temp. 

Gage 
pressure 

Absolute 
pressure 

Specific 
volume 

Density 
Ob.  per 

Weight  of 

Heat  of 

Latent 
hrat  of 

Total 
heat  of 

(Pahr.) 

Ob.  per 

(lb.  per 

(ou.  ft. 

Iiqtiid 

liquid 

evapora- 

BtftRin 

sq.  in.) 

sq.  in.) 

per  lb.) 

cu.  ft.) 

• 

(lb.  per 
cu.  ft.) 

(B.t.u.) 

tion 
(B.t.u.) 

(B.t.u.) 

aoo 

62.30 

67.00 

6.46 

0.1547 

57.330 

269.60 

909.6 

1179.1 

302 

64.33 

09.03 

6.28 

0.1601 

57.264 

271.60 

908.0 

1179.6 

806 

67.47 

72.17 

0.03 

0.1669 

57.166 

274.70 

905.7 

1180.4 

307 

69.64 

74.34 

6.86 

0.1707 

57.099 

276.80 

904.2 

1181.0 

310 

62.97 

77.67 

5.62 

0.1779 

67.000 

279.90 

901.9 

1181.8 

312 

66.27 

79.97 

6.47 

0.1829 

56.032 

281.90 

900.3 

1182.3 

316 

68.79 

83.49 

6.26 

0.1904 

56.830 

285.00 

898.0 

1183.1 

317 

71.2 

86.90 

5.12 

0.1966 

56.762 

287.10 

896.5 

1183.6 

320 

74.93 

89.63 

4.91 

0.2036 

56.660 

290.20 

894.2 

1184.4 

322 

77.49 

92.19 

4.78 

0.2092 

56.588 

292.30 

892.6 

1184.0 

326 

81.45 

96.15 

4.60 

0.2176 

56.480 

295.40 

890.2 

1186.6 

327 

84.15 

98.85 

4.48 

0.2234 

56.408 

297.60 

888.7 

1186.1 

330 

88.30 

103.0 

4.306 

0.2322 

56.300 

300.60 

886.3 

1186.9 

332 

91.2 

106.9 

4.195 

0.2384 

56.228 

302.70 

884.7 

1187.4 

336 

96.6 

110.3 

4.035 

0.2478 

56.120 

305.80 

882.3 

1188.1 

337 

98.7 

113.4 

3.934 

0.2542 

56.048 

307.90 

880.7 

1188.6 

340 

103.3 

118.0 

3.787 

0.2641 

55.040 

311.00 

878.3 

1189.3 

342 

106.6 

121.2 

3.692 

0.2709 

55.866 

313.00 

876.7 

1189.7 

346 

111.3 

126.0 

3.555 

0.2813 

55.755 

316.20 

874.2 

1190.4 

347 

114.7 

129.4 

3.468 

0.2884 

55.681 

318.30 

872.6 

1190.9 

350 

119.9 

134.6 

3.342 

0.2992 

55.570 

321.40 

870.1 

1191.5 

362 

123.4 

138.1 

3.261 

0.3067 

55.492 

323.50 

868.5 

1192.0 

364 

127.0 

141.7 

3.182 

0.3143 

55.414 

325.60 

866.8 

1192.4 

366 

130.7 

146.4 

3.105 

0.3221 

55.336 

327.70 

866.2 

1192.9 

368 

134.4 

149.1 

3.030 

0.3301 

55.258 

329.80 

863.5 

1193.3 

360 

138.3 

153.0 

2.957 

0.3382 

55.180 

331.90 

861.8 

1193.7 

362 

142.2 

156.9 

2.887 

0.3464 

55.100 

334.00 

860.2 

1194.1 

364 

146.1 

160.8 

2.820 

0.3546 

55.020 

336.10 

858.5 

1194.6 

366 

160.2 

164.9 

2.754 

0.3631 

54.940 

338.20 

856.8 

1195.0 

368 

164.3 

169.0 

2.690 

0.3717 

54.860 

340.30 

855.1 

1195.4 

370 

168.6 

173.3 

2.027 

0.3806 

54.780 

342.40 

853.4 

1195.8 

372 

162.9 

177.6 

2.567 

0.3890 

54.696 

344.50 

851.7 

1196.2 

374 

167.2 

181.9 

2.508 

0.3998 

54.612 

346.60 

850.0 

1196.6 

376 

171.7 

186.4 

2.450 

0.4081 

54.528 

348.70 

848.3 

1197.0 

378 

176.2 

190.9 

2.304 

0.4177 

54.444 

350.80 

846.5 

1197.4 

380 

180.9 

195.6 

2.340 

0.4270 

54.360 

352.90 

844.8 

1197.7 

382 

186.6 

200.3 

2.287 

0.4370 

54.276 

355.00 

843.1 

1198.1 

383 

188.0 

202.7 

2.261 

0.4420 

54.234 

356 . 10 

842.2 

1198.3 

384 

190.4 

205.1 

2.236 

0.4470 

54.192    ' 

357.20 

841.3 

1198.5 

386 

192.9 

207.6 

2.211 

0.4520 

54.15 

358.20 

840.5 

1198.7 

386 

196.3 

210.0 

2.186 

0.4570 

54.108 

359.30 

839.6 

1198.9 

387 

197.9 

212.6 

2.161 

0.4630 

54.066 

360.30 

838.7 

1199.0 

388 

200.4 

215.1 

2.137 

0.4680 

54.024 

361 .40 

837.8 

1199.2 

380 

202.9 

217.6 

2.113 

0.4730 

53.982 

362.40 

837.0 

1199.4 

390 

205.6 

220.2 

2.089 

0.4790 

53.940 

363.60 

836.1 

1199.6 

391 

208.1 

222.8 

2.066 

0.4840 

53.896 

364.60 

835.2 

1199.8 

392 

210.7 

226.4 

2.043 

0.4890 

53.852 

365.60 

834.3 

1199.9 

303 

213.3 

228.0 

2.021 

0.4950 

53.808 

366.70 

833.4 

1200.1 

394 

216.0 

230.7 

1.999 

0.5000 

53.764 

367.70 

832.5 

1200.3 

396 

218.7 

233.4 

1.977 

0.5060 

53.720 

368.80 

831.6 

1200.4 

396 

221.4 

236.1 

1.955 

0.5120 

53.676 

369.90 

830.7 

1200.6 

397 

224.1 

238.8 

1.934 

0.5170- 

53.632 

370.90 

829.9 

1200.8 

398 

226.8 

241.5 

1.913 

0.5230 

53.588 

372.00 

829.0 

1201.0 

399 

229.6 

244.3 

1.892 

0.5290 

53.544 

373.00 

828.1 

1201.1 

400 

232.4 

247.1 

1.872 

0.5340 

53.500 

374.10 

827.2 

1201.3 

410 

261.6 

276.3 

1.679 

0.5960 

63.000 

384.70 

818.2 

1202.9 

420 

293.7 

308.4 

1.510 

0.6620 

52.600 

395.40 

809.0 

1204.4 

430 

328.3 

343.0 

1.361 

0.7350 

52.200 

406.20 

709.6 

1205.8 

440 

366.1 

380.8 

1.229 

0.8140 

51.700 

417.00 

790.1 

1207.1 

460 

406.3 

421.0 

1.110 

0.9000 

51.200 

428.00 

780.0 

1206.0 
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2.  Steam. — Steam  is  a  vapor  which  results  from  supplying  sufficient  heat  to  water  to  bring 
it  to  the  boiling  point  and  to  cause  it  to  evaporate.  The  change  from  liquid  to  vapor  takes 
place  at  a  definite  and  constant  temperature  which  is  determined  solely  by  the  pressure  on  the 
water.  A  change  in  pressure  will  always  be  accompanied  by  a  change  in  temperature  at  which 
boiling  occurs,  and  is  accompanied  by  a  corresponding  change  in  the  heat  required  to  evaporate 
the  water  after  it  is  brought  to  the  boiling  point,  called  laierU  heat  of  evaporation. 

2a.  Steam  Table. — In  Table  2,  pp.  1081  and  1082,  the  gage  pressure  is  given 
fer  various  temperatures,  with  zero  reading  at  atmosphere.  The  absolute  pressure  is  the 
gage  pressure  plus  14.7  lb.  The  density  is  the  reciprocal  of  the  specific  volume.  The  total 
heat  is  the  heat  in  the  liquid  plu?  the  latent  heat  of  evaporation. 

Below  212  deg.  F.  the  pressure  is  tabulated  on  p.  1081,  in  inches  of  mercury  for  use  in  solving 
problems  dealing  with  condensing  prime  movers.  The  properties  of  steam  are  all  tabulated  for 
a  weight  of  1  lb.  of  saturated  steam.  The  heat  of  the  liquid  and  total  heat  are  calculated. above 
32  dog.  F. — that  is,  the  amount  of  heat  in  the  liquid  at  32  deg.  F.  is  taken  as  the  zero  or  starting 
point,  from  which  the  above  quantities  are  calculated. 

%b.  Quality  of  Steam. — Steam  in  contact  with  the  water,  as  in  a  boiler  where  it  is 
generated,  is  known  as  saturated  steain,  and  is  termed  wet  saturated  or  dry  saturated.  The 
former  contains  a  percentage  of  entrained  wat«r  and  this  percentage  determines  the 
quality — that  is,  steam  with  a  quality  of  95  %  is  steam  having  5  %  of  its  weight  in  the  form  of 
water. 

2c,  Superheated  Steam. — If  heat  is  added  to  dry  saturated  steam  not  in  contact 
with  the  water  and  the  pressure  is  maintained  the  same  as  when  it  was  vaporized,  it  will  then  be- 
come superheated,  or  the  temperature  will  be  higher  than  that  corresponding  to  the  pressure 
at  saturation.  It  will  not  become  superheated  in  contact  with  the  water.  The  specific  heat 
of  superheated  steam  changes  with  the  pressure  (0.48  average  value;.  Superheat  increases  the 
specific  volume  of  steam — ^that  is,  a  greater  number  of  cubic  feet  of  superheated  steam  are 
produced  at  the  same  pressure  from  a  given  weight  of  water  than  of  saturated  steam.  There- 
fore more  mecnanical  work  is  available  from  a  given  expenditure  of  heat. 

8.  Air% — Pure  air  is  a  mixture  of  oxygen  and  nitrogen  in  proportion  of  20.9  %  oxygen  and 
79.1%  nitrogen  by  volume,  and  by  weight,  23%  oxygen  and.  77%  nitrogen.  Air  in  nature 
always  contains  other  constituents  in  var3dng  amounts,  such  as  dust,  carbon  dioxide  (COs), 
ozone,  and  water  vapor.  The  physical  and  thermal  properties  of  air  are  given  in  Table  3. 
This  table  is  used  in  all  heating  problems  which  follow  where  the  heat  content  of  air  is  involved. 

The  specific  heat  of  air,  or  the  number  of  B.t.u.  required  to  raise  the  temperature  of  1  lb. 
of  air  1  deg.  F.  is  practically  a  constant  and  is  taken  as  0.24  B.t.u. 

The  GO)  content  of  air  in  the  open  varies  from  4  to  6  parts  in  10,000  by  volume,  and  the 
moisture  varies  from  a  very  small  amount  to  as  high  as  4%  by  weight.  These  ingredients 
spread  out  nearly  uniformly  in  the  atmosphere. 

COt  is  not  poisonous  but  if  present  in  large  proportions,  a  person  might  die  of  suffocation. 
The  amount  present  is  regarded  as  an  index  of  the  quality  of  the  air  and  indicates  the  character 
of  the  ventilation.     It  should  not  exceed  8  or  10  parts  in  10,000  for  good  ventilation. 

8a.  Humidity. — Humidity  is  caused  by  water  vapor  (or  moisture)  being  mixed 
with  air  in  the  atmosphere.  The  weight  of  water  vapor  a  given  space  will  contain  is  dependent 
entirely  on  the  temperature — that  is,  the  amount  of  vapor  is  exactly  the  same  whether  air  is 
present  or  not.    The  air  therefore  simply  affects  the  humidity  by  its  temperature. 

85.  Relative  Humidity. — Relative  humdity  is  the  ratio  of  the  weight  of  water 
vapor  in  a  given  space  to  the  weight  of  this  vapor  which  the  same  space  will  contain  (full  satura- 
tion) at  the  same  temperature.  Under  normal  conditions  the  external  air  has  a  relative  humid- 
ity varying  from  50  to  75%  of  full  saturation.  When  the  relative  humidity  iff  much  above  or 
below  these  limits,  ill  effects  are  experienced. 

8c.  Dew  Point. — Dew  point  \b  the  temperature  at  which  saturation  is  obtained 
for  a  given  weight  of  water  vapor,  or  the  temperature  where  any  reduction  in  temperature  would 
cause  condensation  of  some  of  the  water  vapor  in  the  form  of  dew  particles. 
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000<-l  vNiH*H«^  tHT^lH*H  T^lHl-il-i  *-<«H<Hl-<  ^4T^^i4v>4  vM 

AC4dd  ddpd  Oddd  pddd  dddd  dcidd  d 

^vHdX  ^toox  b>r«xa>  oo<-id  x^tox  i^aooko  •-■ 
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4.  Transmission  of  Heat — Heat  is  transmitted  by  conduction,  convection,  and  radiation, 
and  its  intensity  is  measured  by  a  thermometer.  Temperature  and  pressure  are  no  indication 
of  work  performed.    They  indicate  merely  a  possible  rate  of  performance. 

Candudion  is  the  transmission  of  heat  from  particle  to  particle  of  the  same  substance. 
This  transmission  will  occur  between  portions  of  the  same  substance,  the  heat  flowing  in  any 
direction  from  the  higher  to  the  lower  temperature.  Time  is  required  for  conduction  to  take 
place  and  varies  with  the  distance,  nature  of  the  material,  and  temperature  difference.  The 
coefficient  of  conduction  is  the  quantity  of  heat  which  flows  in  a  unit  of  time  through  a  cross 
section  of  unit  area  and  a  unit  of  thickness  with  a  difference  of  1  deg. 

Connection  is  the  transmission  of  heat  by  circulation  of  a  fluid,  or  gas,  over  the  surface  of  a 
colder  or  hotter  body.  The  particles  of  the  moving  substances  come  in  close  contact  with  the 
hotter  body  and  are  actually  heated  by  conduction  during  the  period  of  contact  and  they  then 
pass  on,  carrying  the  heat  absorbed  and  making  way  for  fresh  cooler  particles.  This  circular 
tion  may  be  caused  by  natural  forces  or  may  be  produced  mechanically.  The  circulation  of 
water  in  a  boiler  is  an  example  of  the  former,  while  air  passing  over  heater  coils  in  a  fan  blast 
heating  system  is  an  example  of  the  latter  condition.  In  case  the  circulating  medium  is  hotter 
than  the  other  body,  the  process  of  heat  transfer  will  be  reversed.  In  general,  it  may  be  said 
that  the  heat  transferred  by  convection  is  independent  of  the  nature  of  the  substance  and  of  the 
surrounding  absolute  temperature.  The  heat  transferred  depends  (1)  on  the  velocity  of  the 
medium — ^varying  as  some  function  of  this  velocity,  (2)  on  the  form  and  dimensions  of  the  body, 
and  (3)  on  the  temperature  difference. 

RatUalion  is  the  transmission  of  heat  through  a  medium,  commonly  known  as  the  ether, 
which  is  assumed  to  occupy  all  intermolecular  spaces.  Radiation  takes  place  under  the  same 
law  as  light — ^in  straight  lines — and  its  intensity  varies  inversely  as  the  square  of  the  distance 
through  which  the  heat  is  transmitted.  Radiant  heat  continues  to  travel  in  a  straight  line 
until  intercepted  or  absorbed  by  some  body.  The  amount  of  radiant  heat  emitted  or  absorbed 
depends  largely  upon  the  character  of  the  surface  of  the  hot  or  cold  body,  and  it  has  been  found 
that  the  power  of  absorption  of  a  substance  is  exactly  the  same  as  the  power  of  emission  of  heat 

Relative  Radiatinq  or  Absorbing  Power  at  212  Deo. 


Effects  of  kind  of 

material  (Based  on 

lamp  black  as  100%) 

Effects  of  painting 
(Based  on  bare 
iron  as  100  %) 

I  Amp  blftok 

100 
100 
98 
00 
17 
17 
7 

Bare  iron 

100 
75 

101 
99 

101 

Wbitel««d 

Aluminum  or  copper  bronse 

Snow  white  enamel 

Paper 

GIfim 

White  lead  paint 

Steel      

White  sine  paint 

Platinum 

CoDDer 

Radiant  heat  has  the  property  of  passing  through  dry  gases  without  heating  them  to  any 
appreciable  extent,  but  air  containing  water  vapor  or  dust  will  intercept  and  absorb  radiant 
heat. 

6.  Transmission  of  Heat  through  Building  Materials.' — The  quantities  of  heat  trans- 
mitted through  building  materials  are  known  as  heat  losses  and  should  be  carefully  estimated. 
The  following  methods  of  computation  will  indicate  how  they  may  be  reduced  by  proper  con- 
struction, thereby  decreasing  the  fuel  required  for  heating  in  winter. 

1  Experimental  daU  in  this  article  Uken  from  the  Univ.  of  Illinois  BuU.  102,  entitled  "A  study  of  the  Heat 
Tranamiasion  of  Building  Materials,"  by  A.  C.  Williard  and  L.  C.  Lichty. 
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The  amount  of  heat  that  must  be  supplied  in  order  to  warm  a  room  may  be  divided  into: 
(a)  the  heat  required  to  offset  the  heat  transmission  of  walls,  ceilingi  roof,  and  floor;  and  (b) 
heat  required  to  warm  the.  air  entering  the  room  from  the  outside  by  infiltration  or  otherwise, 
commonly  known  as  the  air  change.  Heat  supplied  by  persons,  lights,  machinery,  and  motors 
may  be  deducted  from  the  sum  of  items  (a)  and  (6). 

Table  4. — Usual  Inside  Temperatures 

Public  buildings 68  to  72'»F. 

Factories 65*^. 

Machine  shops 60  to  65°F. 

Foundries,  boiler  shops   50  to  WT. 

Residences 70^F. 

Bath  rooms 85®F. 

Schools 70'F. 

Hospitals 72  to  75«»F. 

Paint  shops ., SO^F. 


Table  5. — Climatic  Conditions  in  the  U.  S.  Wind  Velocities  and  Temperatures 


City 


Alabama , 


Arizona . . 
Arkansas . 


California . 


Colorado. 


Connecticut . 


District  of  Columbia , 
Florida 


Georgia . 
Idaho . . 
Illinois . 
Indiana, 
Iowa . . . 

Kansas. 


Kentucky 

Louisana 

Maine 

Maryland 

Massachusetts. 


Mobile 

Montgomery . . . 

Flagstaff 

Phoenix 

Port  Smith 

Little  Rock 

San  Francbco . . 
Independence . . . 

San  Diego 

Denver 

Grand  Junction 
Southlngton . . . . 

Hartford 

New  Haven .... 
Washington. . 
Jacksonville . .  .  . 

Pensacola 

Savannah 

Atlanta 

Boise 

Lewiston 

Chicago 

Springfield 

Indianapolis. . . . 

Evansville 

Sioux  City 

Keokuk 

Dubuque 

Wichita 

Dodge  City ... 

Louisville 

New  Orleans. . . 

Shreveport 

Portland 

East  Port 

Baltimore 

Boston 


Temperature 
Deg.F. 


-  1 

-  5 
-21 

12 

-15 

-12 

29 

10 

32 

-29 

-16 

-19 

-14 

-14 

-16 

10 

7 

8 

-  8 
-28 
-18 
-23 
-22 
-25 
-15 
-31 
-26 
-32. 
-22 
-26 
-20 

7 

-  5 
-17 
-21 

-  7 


Lowest         Average 


Wind  velocity 


Maxim&m 


57.7 
56.1 
34.8 
58.9 
49.5 
52.0 

•   •    •    • 

48.7 
67.2 
38.4 
39.2 
36.3 


42.9 
60.9 
56.0 
67.2 
51.4 
39.6 
42.5 
35.9 
39.0 
40.4 
44.0 
32.1 
37.6 
32.0 
42.9 
36.0 
45.0 
60.5 
55.7 
33.5 
31.1 
43.3 


54 

66 

60 

43 
75 


66 
70 

88 
66 
55 

84 


60 
60 

75 
60 
06 

61 

78 

72 


Average 


5 
9 

6 

7 


5 
6 

7 
9 

4 

•     m 

9 


8 
5 

*   ■ 

11 

7 


9 


11 
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Tabl£  5. — Climatic  Conditions  in  the  U.  S.  Wind  Velocities  and  Temperatures 

Continued 


Michigan . . 

Minnesota . 

MisaJMippi . 
Missouri . . . 


Montana. 


Nd>raska. 


Nevada 

New  Hampshire . .  . « 

New  Jersey 

New  York 


New  Mexico. 
N.  Carolina . 
N.  Dakota.. 
Ohio 


Oklahoma . 
Oregon 


Pennsylvania . 

Rhode  Island . 
S.  Can^na . . . 


S.  Dakota 


Tennessee. 


Texas. 


Uuh.   .. 
Vermont 


V  irgima 

Washington 
W.  Virginia. 
Wisconsin . . 


Wyoming . 


Detroit 

Alpena 

Duluth 

Minneapolis . . . . 

Vicksburgh 

Springfield 

St.  Louis 

Helena 

Havre 

Lincoln 

North  Platte... 

Carson  City 

Concord 

Atlantic  City . . . 
New  York  City 
Saranac  Lake . . . 

Sante  Fe 

Charlotte 

Bismark 

Toledo 

Columbus 

Cincinnati 

Oklahoma 

Baker  City 

Portland 

Pittsburgh 

Philadelphia  m  . . 

Providence 

Charleston 

Columbia 

Huron -. . 

Yankton 

Knoxville 

Memphis 

Chattanooga . . . 
Forth  Worth... 

Galveston . 

Salt  Lake  City . 
North  Field... 

Burlington 

Lynchburg 

Norfolk 

Seattle 

Spokane 

Parkersburg 

Elkins 

Milwaukee 

La  Crosse 

Cheyenne 

Lander 


Temperature 
Dcg.F. 


24 

27 

41 

33 

1 

29 

22 

42 

55 

29 

-35 

22 

35 

7 

6 

38 

13 

5 

44 

16 

20 

17 

17 

20 

2 

20 

6 

9 

7 

2 

-43 

32 

16 

9 

10 

8 

8 

20 

32 

25 

5 

2 

3 

30 

27 

21 

25 

43 

38 

36 


Wind  velocity 


Lowest     ,    Average     Maximum-'    Average 


35.3 


1 
5 
4 
0 
0 
0 


29 

25 

28 

56 

43 

39 

30.9 

27.7 

35.8 

34.6 

34.8 

33.1 

41.6 

40.1 

34.1 

38.0 

49.8 

23.5 

36.8 

39.8 

39.0 

47.1 

34.1 

45.4 

40.8 

41.8 

37.5 

56.9 

53.5 

25.9 

31.2 

47.0 

50.7 

48.0 

49.5 

56.0 

39.7 

27.8 

32.0 

45.2 

45.0 

44.3 

37.0 

41.9 

38.8 

32.4 

31.2 

33.7 

29.0 


76 
72 
78 

•  • 

62 

•  • 

80 
70 
76 

•  • 

96 


96 

•  t 

53 
55 
74 
72 

■   • 

59 


69 
75 


69 

•  • 

84 
75 
60 

■  • 

84 
66 


50 


52 


9 
9 

7 

6 

•  • 

11 

6 

11 

•  • 

9 


9 

6 
5 
8 
9 


6 
10 


10 

•   • 

5 
6 
6 

■   ■ 

10 
5 


In  computing  the  heat  losses  and  boiler  power,  the  first  consideration  is  the  temperature  range  between  the 
inside  and  outside  of  building.  Table  4  gives  the  customary  required  inside  temperature  of  various  classes  of 
buildings.  Table  5  gives  the  lowest  and  average  temperatures,  and  the  maximum  and  average  wind  velocities  for 
different  localitiee.     Minimum  temperaturea  are  misleading  as  they  seldom  occur,  and  then  for  only  short  periods. 
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The  best  way  to  determine  the  minimum  temperature  on  which  to  calculate  the  heat  loeaes  is  to  compare  the  average 
tomperature  of  the  locality  under  consideration  with  the  one  in  which  you  reside  and  are  familiar .  In  New  York 
the  minimum  temperature  (Table  6)  is  —6  deg.  F.  and  in  Detroit,  — 24  deg.F.,  while  the  averages  are  40.1  des. 
F.  and  35.3  deg.F.,  yet  all  contracts  are  let  on  the  basis  of  sufficient  radiation  for  the  room  temperature  in  0  des.F. 
weather,  in  both  places. 

If  radiation  is  provided  for  the  minimum  outside  temperature,  it  will  be  at  an  unnecessary  expense.  Boiler, 
chimney,  and  grate  should  be  of  sufficient  sise  to  take  care  of  the  lowest  temperature  periods  by  raising  the  tempera- 
ture of  the  radiation,  or  pressure  of  the  heating  medium. 

The  combined  coefficient,  U,  may  be  defined  as  the  amount  of  heat  absorbed  or  given  off  per  square  foot  of 
surface  per  hour,  by  radiation  and  convection  under  certain  conditions  of  air  movement,  for  each  degree  diiTerenoe 
in  temperature  between  the  surface  and  the  average  temperature  of  the  air.  If  the  air  movement  is  different  on  the 
two  sides  <^  a  wall,  the  value  of  the  combined  coefficient  will  of  course,  be  different  owing  to  the  fact  that  the  heat 
loss  by  convection  is  different.  Let  Ki  «■  the  combined  coefficient  for  the  inside  wall;  Kt  ■■  the  combined  coeffi- 
cient for  the  outside  wall;  Ki(t  —  ti)  ^  the  heat  absorbed  by  the  inside  wall  per  sq.  ft.  per  hr.;  and  Kt(tt  —  !•)  — 
the  heat  given  off  by  the  outside  wall  surface  jwr  aq.  ft.  per  hr.     Then 

Ki(t  -  ti)  -  Ktitt  -  M 

in  which  i  and  ti  ■-  temperature  of  the  inside  air  and  inside  wall  surface  respectively,  and  d  and  U  «  temperature 
of  the  outside  air  and  outside  wall  surface  respectively. 

The  average  value  of  K\  is  1.34  and  Kt  increases  with  the  velocity  of  wind  over  the  surface.     Kt  is  taken  gener- 
ally at  3  times  that  ot  the  inside  wall  surface.     Following  are  the  multipliers  of  Kt  for  various  wind  velocities. 


Wind  velocity 

Brick 

Wood 

t 

(miles 

. 

6 

2.38 

2.19 

10 

3.20 

2.71 

16 

3.76 

2  00 

20 

4.22 

3.02 

The  amount  of  heat  that  will  be  transmitted  through  a  material  having  parallel  surfaces  due  to  a  difference  in 

temperature  between  those  surfaces  is  termed  the  conductivity  of  the  material.     The  amount  of  heat  that  a  given 

material  will  transmit  is  directly  proportional  to  the  difference  in  temperature  between  the  surfaces  and  inversely 

proportional  to  the  thickness.    Let  C  «i  coefficient  of  conductivity  or  B.t.u.  transmitted  per  square  toot  per  hour 

per  inch  of  thickness  per  1-deg.F.  difference  in  temperature  of  the  two  surfaces;  ti  —  temperature  of  the  inside 

wall  surface;  U  —  temperature  of  the  outside  wall  surface;  and  X  ^  thickness  of  the  wall  in  inchea.    Then 
C 
■y(ti  —  tt)  "  heat  transmitted  by  conduction  per  sq.  ft.  per  hr^ 


Table  6. — Coefficients  to  be  Used  in  Determining     U"  for  Different  Materials 


Material 


Dry  brick  wall 

Brick  wall  with  moisture 

Sandstone 

Concrete,  1-2-4  mix 

Plaster  or  mortar 

Wood  (fir),  one  surface  finished 

Cork  board 

Magnesia  board * 

Asbestos  board 

Sheet  asbestos 

Packed  mineral  wool 

Glass— single  (91.4  %,  total  area) 

Glass — double  (>^-in.  air  space,  69.3  %  area) 

Roofing — 2-in.  tile* 

2-in.  tile  roofing,  plastered* 

2-in.  tile,  H-in.  plaster,  both  sides* 

4-in.  tile.  H-in.  plaster,  both  sides* 

6-in.  tile,  H-in.  plaster,  both  sides* 


..Q.I 

per  1  in.  thick 

per  sq.  ft. 

per  deg. 


4.0 
5.0 
9.0 


8 
8 
1 
0 
0 
0 


3 

0 

0 

32 

50 

50 


0.3 
0.35 
2.06 
1.5 


5 
0 
1 
0 
0 


3 

.84 

00 

.60 

47 


K 

in  still  air  per 
degree 


1.4 
1.4 
1.3 


3 

.93 
.4 

25 

.45 

.6 

.4 

.4 

.6 

.5 

.25 
1.25 
0.93 
0.93 
0.93 


1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Factor  to  be 
used  for  Kt 


3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


Kt 

Wind  velocity 

15  to  20  miles 

per  hour 


4.2 

4.2 

5.2 

5.2 

2.97 

4.2 

3.75 

4.35 

4.8 

4.2 

4.2 

4.5 

4.5 

3.75 

1.76 

2.79 

2.79 

2.79 


*  For  thickness  stated,  not  for  1  in. 
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6.  CalcisUtion  ol  Heat  Transmission  Through  Walls,  Roofs,  and  Floors.  ^ — The  amount 
of  heat  received  by  the  inside  wall  surface,  the  amount  conducted  through  the  wall,  and  the 
amount  emitted  must  all  be  equal.  Let  U  ^  the  heat  transmission  of  the  actual  wall  per  oqu&re 
foot  per  hour  per  degree  difference  in  temperature  on  the  two  sides.     Then 


Since 


(t  -  U)  -  («  -  ti)  +  (<!  -  it)  +  {tt  -  to) 


^ 

y 

^ 


I 


^ 

^ 


T 


U^ 


''^W¥ 


Pia.  1. 


-i'fhs/er 


Fio.  3. 


'03005 


r^n<^r,K/'lA 


C'6  Kra93 
A^-'B'CorkJbocrref 


^00746 


13" Brick  mr// 


Fio.  2. 

.-Air  spac9  cnefsfud 
'Cfapboard^  i^'^E 

la/h  arKfp/a9fm;Kf^0S3 

fhrcemer^C'd 
Sfillair,  K,*iA 


L 


-QSO 


K»^. 


Fio.  5. 


Fio.  4. 


7X)Of\ 

4    ^ 


^^rsms^ko^^^ 


Fio.  6. 


The  value  of  ^  for  paper  and  very  thin  substances  may  be  neglected.     If  the  wall  is  com- 
posed of  several  layers  of  different  materials  in  contact  with  an  air  space  of  thicknesses  Xi, 

Xt,  Xs,  etc.,  then 

1 
U  ^ 


1    ,     !_  ,  Xi  ,  Xj      Xj 
K.I      Kt      (J\       C\        Cz 


etc. 


Kif  K%j  and  C  being  taken  from  Table  6  for  the  particular  materials  involved.     Figs.  1,  2,  3, 4,  5, 
and  6  illustrate  the  methods  of  computing  U  for  various  types  of  walls,  floors,  and  roofs. 

It  is  cuBtomary  for  engineerato  increase  heat  losses  by  a  factor,  called  the  exposure  factor.  Such  an  increase, 
however,  is  unnecessary  if  the  above  method  is  followed  and  the  proper  values  used.  The  values  in  Table  7  have 
been  calculated  in  accordance  with  the  method  above  advocated,  using  results  ot  the  Illinois  tests.  If  the  values 
given  are  used  with  judgment,  good  results  will  be  obtained.  A  typical  heat  loss  schedule  is  given  in  Table  13, 
pp.  1096  and  1097. 

1  Method  described  is  taken  from  the  Univ.  of  111.  Bull.  102,  entitled  "A  Study  of  the  Heat  Transmission  of 
Building  Materials,"  by  A.  C.  Willaixl  and  L.  C.  Lichty. 
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It  has  been  recommended  that  the  temperature  difference  usually  considered  under  roofs  be  increased.  This 
should  be  done  with  judg^nent  since,  as  a  rule,  the  top  6oor,  with  the  roof  lose  properly  figured,  will  have  too  much 
radiation. 

The  first  floor  where  doors  occur  usually  has  too  little  radiation.  This  is  especially  true  when  the  doors  are 
opened  often.     The  elevator  shaft  and  doors  aggravate  this. condition  as  the  hot  air  rises  to  the  top  floor. 

The  following  temperature  differences  may  be  taken  for  attic  rooms: 

Closed  attic — metal  or  slate  roofs 14  deg.  F. 

CSosed  attic — cement  tile  roofs 23  deg.  F. 

Cellars  kept  closed 32  deg.  F. 

Thus,  the  heat  loss  per  hour  estimated  for  a  room  having  a  floor  iH-in.  thick  over  a  cellar,  assuming  room 
heated  to  70  deg.  F..  may  be  calculated  as  tollows: 

K  -  1.4  both  sides  C  -  1 

V  ■»  -^j z r-=  —  0.3413  B.t.u.  per  hr.  persq.  ft.  per  deg. 

1.4  ^  1.4         1 

Heat  loss  per  hour  -  ro.34 13) (70-32)  -  13.0  B.t.u.  per  sq.  ft.  Heat  loss  from  floors  that  are  laid  directly 
on  the  ground  may  be  estimated  on  the  assumption  that  the  ground  temperature  is  50  deg.  F.  The  loss  par  hour 
through  4  in.  <^  concrete  for  an  inside  temperature  of  06  deg.  F.  is 

0.8  B.t.u.  per  sq.  ft.  per  deg. 


U  - 


1.3  ^  8 


Heat  loss  per  hour  -  (0.8)  (65-50)  -  12  B.t.u.  per  sq.  ft. 

7.  Heat  Loss  by  Infiltration. — Heat  loss  by  infiltration  is  estimated  in  many  cases  by  the 
number  of  air  changes  arbitrarily  assumed.  It  is  also  estimated  by  measuring  the  periphery 
of  the  window  casing,  assuming  a  H2  ^^  He-ii^-  crack,  with  the  wind  blowing  at  a  certain  velocity. 
This  is  largely  dependent  on  the  character  and  grade  of  the  building  construction.  The  results 
of  these  determinations  are,  at  best,  inaccurate  and  there  is  no  reason  for  going  into  refinements 
of  calculation  beyond  the  limit  of  error  of  the  assumptions. 

Three  methods  are  given  for  determining  the  infiltration  loss:  (1)  Assume  arbitrarily  a 
number  of  complete  air  changes  of  cubic  contents  of  the  buildings  or  rooms;  (2)  assume  a  ffd 
or  3^2-in-  crack  all  around  the  windows  with  a  given  wind  velocity  to  determine  this  air  change; 
and  (3)  assume  the  proper  crack  or  opening  He  in*  And  determine  the  relation  of  this  infiltration 
in  the  form  of  a  ratio  of  square  feet  of  glass  to  cubic  contenta. 

Table  8. — Results  of  Experiments  on  Air  Infiltration 


Velocity  oi  outside  air 
(miles  per  hr.) 

Cubic  feet  per  minute  leakage  through  14  ft.  of  crack, 

He-in.  clearance 

Cubic  feet  per  minute  per 

foot  of  He-in.  crack  per 

mile  velocity 

Weather  stripped                      Ordinary  sash 

• 

6.0 
9.1 
9.5 
9.6 

1.0 
1.6 
1.65 
1.76 

12.0 
19.0 
20.0 
19.6 

0.143 
0.148 
0.147 
0.148 

For  a  wind  velocity  of  10  miles  per  hour,  Ho'in.  crack  will  deliver  about  90  cu.  ft.  per  running  foot  of  crack  per 
hour  (0.148  X  10  X  60  -  88.8),  as  shown  in  Table  8. 

In  Table  7  the  air  infiltration  is  calculated,  assuming  0.147  cu.  ft.  per  minute  per  running  foot  of  He-in.  crack 
per  mile  velocity,  the  air  velocity  at  13  miles  per  hour,  the  air  at  0  deg.  F.,  or  0.086  lb.  per  cu.  ft.  (see  Table  3), 
and  specific  heat  at  0.24  B.t.u.  (see  Art.  3).  The  B.t.u.  per  hour  per  degree  difference  per  running  foot  of  crack  * 
00  min.  X  13  mi.  per  hr.  X  0.147  cu.  ft.  per  min.  per  ft.  per  mile  X  0.086  X  0.24  —  2.4  B.t.u.  per  deg.  per  ft.,  or 
1.2  B.t.u.  per  deg.  per  ft.  for  Hs-in.  crack.  Windows  on  only  two  sides  of  room  should  be  figured  as  the  draft  will 
be  outward  on  the  leeward  side. 

Table  9. — Table  op  Assumed  Atr  Changes 

Halls 3  per  hr. 

Rooms  of  1st  floor 2  per  hr. 

OflGices — stores 2  per  hr. 

Offioes — 2nd  floor 1  per  hr. 

Factories — large  areas H  per  hr. 

Garages -2  per  hr. 
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Tablb  10. — Relation  of  Air  Changes 

TO  Cubic  Contents 

Percentase  oi  gUn  (aq.  it.)  to  cubic  contents  (cu.  it.) 
Air  chanffe  Der  hour 

2 

H 

2H 

3H 

4H 

1 

6 

7 

8 

9 
2 

Double  the  above  amount!  for  rooms  having  doors  to  outside  opened  frequently,  as  on  ground  floors. 

8.  Heat  Supplied  by  Persons,  Lights,  and  Machinery. — The  following  allowances  may  be 
made  for  persons  and  lights  when  required,  but  as  buildings  have  to  be  heated  at  times  when 
these  sources  of  heat  may  be  absent,  as  Sundays,  they  should  be  made  with  care.  It  would 
probably  be  safer  to  omit  them  when  figuring  the  radiation,  as  is  generally  done,  and  shut  off 
some  of  the  heating  surface  when  these  sources  of  heat  are  present.  The  heat  given  off  by 
persons  is  not  considered  except  in  assembly  halls.  These  halls  are  generally  figured  for  50 
deg.  F.  in  0-deg.  weather  when  the  audience  is  not  present. 


Table  11 

Man  at  rest 400  B.t.u.  per  hr. 

Man  at  work 500  B.t.u.  per  hr. 

Electric  lamps:  B.t.u.  per  hr.  ~  watts  per  lamp  X  number  X  3.415 

Motors  and  machinery  convert  some  of  their  energy  into  heat  il  located  in  the  same  room. 
Rubber  and  chocolate  rolls  and  similar  classes  of  machinery  produce  great  quantities  of  heat. 

0.  Measurement  of  Flow  of  Fluids. — There  are  three  fluids  used  in  heating,  for  which  pipe 
sizes  have  to  be  determined,  viz.,  steam,  water,  and  air.  The  power  required  for  circulation 
and  loss  in  head  due  to  friction  has  to  be  known  in  determining  the  proper  sizes  of  conduits. 
All  fluids  flowing  in  conduits  obey  the  same  laws  and  with  corrections  for  density,  the  variables 
in  the  formulas  are  the  same. 

The  potential  head,  or  measured  head,  is  the  vertical  distance  measured  from  some  base 
line  to  the  center  of  the  pipe  at  the  point  under  consideration.  In  the  measurement  of  the  flow 
of  gases,  as  air  or  steam,  the  pressure  at  the  point  of  flow  has  to  be  taken  into  account  in  deter- 
mining the  density. 


The  general  formula  tor  all  fluids  flowing  in  pipes  is 


*-/-T-^ 


m 

A 


2o 


in  which  h  ~  loss  of  head  in  friction;  /  »  coefficient  of  friction,  0.02  for  water  (average)  but  it  actually  varies  with 

R 
the  diameter  of  pipe  and  velocity;  /  «■  length  in  feet;  -i:  "  hydraulic  radius,  or  the  perimeter  divided  by  the  area; 

2g  ">  64.34;  and  V  >■  velocity  in  feet  per  second. 
For  round  pipes  the  formula  reduces  to 

"  -  '■  i  -2, 

The  above  formulas  have  been  superseded  by  exponential  formulas  determined  by  plotting  the  values  on  logarithmic 
paper  and  determining  the  angle  of  inclination  of  the  straight  lines. 

Diagram  1,  by  H.  V.  Carpenter,  was  published  in  **  Power"  Dec.  17,  1912.  It  gives  steam  discharge  in  pounds 
per  minute,  sise  of  pipe,  and  drop  in  pressure  per  100  ft.,  for  sises  of  pipe  from  1  to  20  in.  and  is  plotted  from 
Unwin's  or  Babcock's  formula,  and  verified  by  tests  by  R.  C.  Carpenter. 


V  -  16,050 


W  -  87.5 


in  which  V  ■>  velocity  of  the  steam  in  feet  per  minute;  P">  drop  in  pressure  in  length  L;  d  "  diameter  of  pipe  in 
inches;  y  >■  density  of  the  steam  in  pounds  per  cubic  foot;  and  W  *  weight  oi  steam  delivered  in  pounds  per 
minute. 

This  chart  is  for  high  pressure  steam.  For  a  3-in.  pipe,  the  discharge  is  seen  to  be  33  lb.  per  roin.,  with  210  lb. 
average  absolute  pressure  and  0.30  lb.  drop  per  100  ft.  of  pipe.  For  any  lower  pressure  as  80  lb.,  follow  between  the 
inclined  lines  as  shown,  obtaining  a  discharge  of  21  lb.  per  min. 
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10.  Radiation. 

10a.  Coefficient  of  Transmission  for  Radiation. — Various  tests  have  been  made 
to  determine  the  rate  of  transmisson  for  radiation  under  varying  conditions  of  temperature. 
Tlie  best  data  are  those  given  by  J.  R.  Allen  of  the  University  of  Minnesota  from  which  Table 
12  has  been  compiled.  The  factor  K  was  calculated  in  each  case  above  or  below  150  deg.  dif- 
ference in  temperature  by  applying  a  0.2  %  correction.  This  table  is  applicable  to  hot  water 
or  steam  systems^  and  gives  transmission  rates  for  all  t}'pes  of  radiators  and  temperature 
differences. 

Asaume  that  a  S-column  ZS-in.  radiator  haa  a  difference  of  230-50  deg.  =  180  deg.  K^  from  actual  teat  (150 
deg.  difference),  has  a  value  of  1.55  B.t.u.  per  aq.  ft.  per  hr.  per  deg.  difference.  For  180  deg.  difference  the  factor 
K  will  be  1.55  +  \  0.002  X  (180-150)  X  1.55  \  -  1.64  B.t.u.  per  sq.  it.  per  deg.  difference  (see  Table  12).  Then 
t/  =  1.64  X  180  deg.  -  295  B.t.u.  per  sq.  ft. 

The  standard  for  rating  direct  radiation  as  xised  in  manufacturera'  catalogues,  is  70-deg.  F.  room  tempetmture, 
and  220  deg.  F.  inside  the  radiator,  or  150  deg.  F.  difference  between  the  room  and  the  heating  naedium  for  steam. 
From  Table  12  for  a  3-column  38-in.  radiator,  (^  -  233  B.t.u.  which,  divided  by  970  B.t.u.  (the  latent  heat  at 
atmospheric  preaaure)  gives  0.24  lb.  of  steam  condensed  per  sq.  ft.  per  hr.  Hot  watc^*  boilers  and  radiators  are 
rated  for  an  average  temperature  of  water  of  170  deg.  F.  and  70  deg.  F.  in  the  room,  or  150  B.t.u.  For  a  2-eolumn 
SS-in.  radiator 

U  -  (170  -  70)  X  1.49  -  149  B.t.u.  per  sq.  ft   per  hr. 

The  actual  standard  unit  used  in  rating  steam  boilers  is  K-lb.  condensation  per  hr.  per  sq.  ft.  of  radiation- 
or  250  B.t.u.  Hot  water  boilers  are  rated  on  the  basis  of  150  B.t.u.  per  sq.  ft.  of  radiation  per  hr.  If  the  tempera- 
ture were  the  same  for  the  medium,  hot  water  would  require  no  more  radiation  than  steam. 

106.  Determination  of  Radiation. — Refer  to  typical  plan,  Fig.  7,  and  heat  loss 
schedule,  Table  13.     The  determination  of  the  radiation  should  be  independent  of  the  medium 


'■S^  mntm  46Os^0g/bst 


fOurtH 
Hgurw  fyrcjdiafon  mfrrhw^  ft  hfofingsur^ot 


Fig.  7. — Building  plan  utilised  to  illus- 
trate  methods   of  ^computing   heat  loeses 
o     (Table  13).    Radiation  shown  for  Schedule 
A'  and  Fig.  16. 


'6'oe/ffnff     Second  and  Third  Floors 


where  steam  or  water  is  used,  as  the  only  determining  factor  is  the  difference  in  the  radiator  and 
room  temperatures.  The  first  tabulation  "  A  "  is  computed  for  the  medium  at  a  temperature  of 
210  deg.  for  3-column  38-in.  radiators  and  for  coils  on  the  fourth  floor.  The  transmission  fac- 
tors for  the  radiators  and  coils  are  213  B.t.u.  and  274  B.t.u.  per  sq.  ft.  per  hr.  respectively, 
for  140-deg.  difference  as  shown  in  Table  12.  The  total  radiation  required  is  5452  sq.,  ft.  and 
the  radiating  units  needed  for  this  tabulation  are  indicated  on  the  plan  (Fig.  7).  The  tabula- 
tion "i4'*'  is  calculated  for  3-column  38-in.  radiators  on  the  fourth  floor  instead  of  cdils, 
making  5788  sq.  ft.  of  total  radiation  required.  In  the  "B"  schedule,  water  of  170-deg. 
average  temperature  was  assumed  and  2  column  38-in,.  radiaj^ors  (8221  sq.  ft.  required).  In 
schedule  "C"  the  temperature  of  the  medium  was  assumed  at  220  deg.,  or  41b.  steam  pressure, 
difference  of  150  deg  (5300  sq.  ft.  required).  If  the  heat-  losses  are  reduced  to  square  feet  of 
radiation  at  0.25  lb.  condensation  (250  B.t.u.),  there  would  be  4030  sq.  ft. 
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Table  13 


Floor 

Room 

Cubic 
ooDtentB 
(Fig.  7) 

Heat  loeses 

Glass 

Wall 

Roof 

Area 

(BQ. 
ft.) 

Factor 

B.t.u. 
(0) 

Area 

(»q. 

ft.) 

Factor 

B.t.u. 

Area 
(«J. 
ft.) 

Factor 

B.t.u. 

(«) 

1 

1 

2 

3 

.    4 

34.272 
10,368 
10,368 
34.272 

738 
135 
135 
738 

90 
90 
90 
90 

66,420 
12,160 
12,150 
66,420 

1790 
441 
441 

1790 

17:6 

17.6 
17.6 
17.6 

31.504 
7.762 
7,762 

31.504 

•   ■   •   ■ 

4       ■       •      ■ 
■      •      -       > 

•   « 

2 

1 

2 
3 

34.272 

10,368 
44,640 

465 

205 
670 

90 

90 
90 

41.850 

18,450 
60,300 

2060 

371 
2436 

17.6 

17.6 
17.6 

36.080 

6.530 
42,850 

•  •      •      * 

■      ■      «      • 

•  •      •      • 

•   • 
«  • 

3 

ISame 

as  for  2 

•   ■   ■ 

•  • 

.... 

■    ■   ■   • 

■      •      ■      « 

•  » 

4 

1 
2 
3 

34.272 
10.368 
44,640 

465 
205 
670 

90 
90 
90 

41,850 
18.450 
60.300 

2050 

371 

2435 

17.6 
17.6 
17.6 

1 

36.080 

6.530 

42,850 

2142 

648 

2826 

20 
20 
20 

42.840 
12.060 
56,520 

1 

Floor 

Room 

B.t.u. 
loss 

Steam  or  water:  av.  temp.  210**F., 
room  temp.  70*'F.,  diff.  140°F. 

Water:  av.  temp. 

170**F..  room  temp. 

70<'F..  diflf.  100°F. 

• 

Steam  or  water:  av. 

temp.  220'F.,  room 

temp.  70»F.,  dilT.  150PF. 

Type  of  radiator 

and  transmission 

factor 

Sq.  ft.  of 
radiation 
required 

Type  of 
radiator 
and  trans- 
mission 
factor 

Sq.  ft.  of 
radiation 
required 
Schedule 
"B" 

Type  of 
radiator 
and  trans- 
mission 
factor 

Sq.  ft.  of 
radiation 
required 
Schedule 
*'C" 

Sched- 
ule 
"A" 

Sched- 
ule 
••A'" 

1 

1 

2 
3 

4 

147.276 

31,r44 

25.628 

147.276 

3hh>1.  38-in. 

(213) 
II 

ft 

II 

691 

146 
120 
691 

691 

146 
120 
691 

2-coL    38-in. 

(150) 
i» 

It 
»» 

982 

208 
171 
982 

3-col.    38-in. 

(233) 
t» 

»i 

•1 

632 

134 
110 
632 

2 

1 
2 
3 

96,430 

32,445 

127,250 

•1 
II 
II 

452 
153 
600 

452 
153 
600 

11 
II 
•• 

643 
217 
848 

II 
II 
II 

414 
140 
550 

3              1           256.125 

1205        1205 

»• 

1708 

If 

1104 

4 

1 
2 
3 

139,270 

45.406 

183,770 

coil     (213)  for 
(274)  schedule  "A"' 
3-col.  38-in. 
(213) 
coil     (213)  for 
(274)  schedule  "A"' 

510 
213 
671 

654 
213 
863 

II 
It 

929 

303 

1230 

II 
II 
If 

COO 

195 
789 

ToUl 
B.t.u.        . .     ^ 

1,231.919 



5452 

5788 

8221 

5300 



Sec.  1-106] 


HEATING,  VENTILATION,  AND  POWER 


1097 


Table  13. — Continued, 


Room  temperature,  70®F. ;  outside  temperature.  —  10**F. 

Total 
B.t.u. 

(C?  +  lff + 
R  +  I) 

Infiltration 

Factor 

(0.075  X 

0.24  X 

80*) 

Volume 

of  air 

heated 

(cu.  ft.) 

B.t.u. 
(/) 

Infiltration  (alternate  method) 

Peroent- 
age  of 

glass  to 
cubic 

contents 

Number 
of  air 

changes 

(Table 

10) 

Sise  of 

window 

and  crack 

Total 

length 

of  crack 

Factor 
Tbble 

7 

B.t.u. 

in 

2.2 

-1.3 

1.3 

2.2 

0.5  X2 
0.37X2 

0.375 
0.5  X2 

1.44 
1.44 
1.44 
1.44 

34,272 
7.800 
3.900 

34,272 

49,352 

11,232 

5,616 

49,362 

1 

Windows  only  on  windward 
sides  of  bldg.  (yit-m.  crack) 

147,276 
31,144 
25,528 

147,276 

.  1.4 

2.0 
1.5 

0.375 

.  0.5 
0.375 

1.44 

1.44 
1.44 

12.800 

5,184 
16,740 

18,600 

7.465 
24,100 

3—0X5 

2—10X9.76 

2—8X10 

3—0X5 

2—8X10 

2—10X9.75 

3X33 
2X50 
2X44 
3X33 
2X60 
2X44 

96 

96 
96 

19,100 

8,448 
27,550 

96,430 

32,446 
127,260 

•  ■   •   ■ 

•    

. 

256,125 



1.4 

0.375 

0.6 

0.375 

1.44 
1.44 
1.44 

12.850 

5,184 

16.740 

18,500 

7,466 

24,100 

a 



..... 

•  • 

•  • 

•  * 

•"•'•• 

139,270 

45.405 

183,770 

2.0 

1.5 

ToUl  B.t.u 

1 

1,231,919 

8q.     ft.     for 
260  B.t.u. . . 

4»930 

...      I      ......      . 

Roof.     (3-i&.  concrete,  IH^*  hung  ceiling  with  air  space) 

U ? 

1.3  "•"  4.2  "^  8.3  "*"    0.4    "*" 
Heat  loss  per  sq.  ft.  -  0.25  X  80  -  20  B.t.u. 

Walla.     (12-in.  concrete,  2-in.  hollow  tile) 

1 


2         1.5 
0.93*^    8 


-  0.26 


5.2  ^  0.93  ^  1.3  ^  0.99  ^  8.3 


-  0.222 


Heat  loss  per  sq.  ft.  -  0.222  X  80  -  17.6  B.t.u. 
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All  these  layouts  would  require  the  same  grate,  chimney,  and  a  like  amount  of  heating  surface  in  the  boiler 
although  with  widely  varying  quantities  of  direct  radiation.  These  principles  used  in  computing  the  schedules 
apply  to  all  buildings  and  dwellings  with  heating  sxurface  directly  connected  to  the  boiler  or  heat  source.  Ready 
comparison  may  be  made  as  to  the  actual  effect  of  different  assumptions  on  the  ultimate  solution. 

The  roof  and  wall  construction  are  assumed  and  heat  losses  figured.  The  radiators  marked  on  the  plan 
(Fig.  7)  are  for  the  first  condition  of  water  or  steam  at  210  deg.  F.  and  70  deg.  F.  in  the  rooms,  and  — 10  deg.  F. 
outside.  No  allowance  is  made  for  exposure  and  the  infiltration  loss  is  calculated  by  two  methods  which  show 
about  10%  difference  in  results.     This  is  well  within  the  error  of  the  assumptions. 

It  is  always  safe  to  increase  the  air  change  to  at  least  1  per  hour  where  doors  open  directly  out  of  doors.  This 
was  done  in  the  example  under  consideration.  The  theory  of  air  leakage  would  not  hold  under  these  conditions. 
It  is  also  well  to  reduce  the  air  change  on  the  top  floor,  especially  if  elevator  doors  open  into  the  room.  These 
shafts  create  a  natural  draft  tending  to  take  the  heated  air  from  the  lower  floors  overheating  the  top  fioor.  The 
heat  losses  were  determined  regardless  of  the  tjrpe  of  system  or  type  of  radiator,  as  they  would  be  the  same  in  any 
ease. 

lOc.  Radiators. — The  heat  losses  of  the  building  and  rooms  are  compensated 
by  radiators  of  various  types.  Radiators  when  placed  directly  in  the  rooms  are  known  as 
direct  radiators.  When  placed  in  a  central  location  and  supplied  with  air  ducts,  they  are 
known  as  indirect  radiators,  the  air  being  supplied  either  by  a  fan  or  by  gravity  circulation. 
Radiators  with  an  out-door  connection  through  the  wall  are  known  as  direct  indirect  radiators. 
Column  Radiators. — ^These  are  built  up  of  sections  of  various  heights  put  together  with 
screw  or  push  nipples.  The  sections  are  known  as  leg  and  loop  sections.  Each  screw  nipple 
has  two  lugs  which  engage  a  mandril  so  that  the  sections  and  corresponding  nipples  which  have 
right  and  left  threads  may  be  screwed  together.  Round  paper  gaskets  are  placed  between  the 
sections.  The  push  nipples  are  machined  and  sections  pressed  together  and  through  bolts  are  put 
in  to  hold  the  sections  in  place. 

There  are  also  special  column  radiators  known  as  circular,  corner,  stairway,  and  hot  closet.  These  may  have 
extra  high  legs  or  be  legless  and  supported  on  wall  brackets. 

Hot  Water  Radiators. — What  are  known  as  hot  water  radiators  have  atop  connection 
tapped  IH  in-  up  to  and  including  3-column  radiators.  Four-column  radiators  are  tapped  2 
in.  These  openings  are  provided  with  bushings  and  plugs  so  as  to  provide  connections  of 
various  sizes.  The  steam  radiators  have  only  a  bottom  connection  and  cannot  be  used  on  hot 
water  systems  due  to  air  pockets  in  the  top  of  each  section.  It  is  becoming  customary  to 
utilize  hot  water  radiators  for  steam  as  better  results  are  obtained  due  to  the  ease  with  which  the 
pressure  within  the  radiator  is  equalized  on  account  of  the  top  connection  giving  a  better  drain- 
age and  circulation,  a  practice  to  be  commended.  Some  claim  these  radiators  air  bind  when 
used  on  steam  systems  but  if  the  air  valve  is  placed  low  down  on  the  end  section  and  the  radiator 
is  properly  connected,  there  should  be  no  trouble.  It  also  facilitates  air  removal  through  the 
return  piping  system  when  hot  water  radiators  are  used  on  a  steam  heating  system. 

Pressed  Steel  Radiators. — These  are  made  of  very  light  sheet  steel,  the  sections  being 
welded  together,  making  them  practically  jointless.  They  weigh  less  than  2  lb.  per  sq.  ft.  of 
surface  as  against  7  lb.  per  sq.  ft.  for  cast  iron,  and  they  are  tested  to  40-lb.  pressure.     These 

radiators  should  be  built  up  with  small  circular  elements  so  that 
higher  pressures  may  be  used  with  a  minimum  weight  of  metal  and  so 
that  they  will  have  maximum  transmission  capacity  and  good  drainage. 

The  weight  of  cast  iron  is  a  serious  objection,  especially  for  use  in  high  build- 
j^       --_,  ^^    ngs,  as  the  weights  have  to  be  carefully  determined.     Where  caisson  work  to  bed 
xmn.nnctrfff^    rock  is  necessary,  a  reduction  of  500,000  lb.  weight  in  100,000  sq.  ft.  of  radiaUon 
may  be  made  by  the  use  of  sheet  metal  instead  of  cast  iron.     This  saving  in  weight 
Fio.  8. — Enclosure  for  con-   is  equivalent  to  an  increase  of  2500  sq.  ft.  or  a  space  50  X  50  ft.  of  floor  space  for 
cealed  direct  radiation.       the  game  foundaUon,  estimating  200  lb.  per  sq.  ft.  load  on  the  foundation. 

A  great  deal  has  been  said  about  corrosion  in  pressed  steel  radiators  but  if  pure 
metal  is  used,  and  the  radiators  can  be  thoroughly  drained,  there  is  no  danger.  On  hot  water  systems  with  the 
water  unchanged,  these  radiators  will  last  indefinitely  as  the  water  acts  as  a  preservative  to  the  iron  when  all  air 
is  removed. 

The  present  sheet  metal  radiator  with  ooly  40-Ib.  test  pressure  is  very  limited  in  its  use.  Cast-iron  radiators 
are  tested  to  80-Ib.  pressure  and  where  higher  pressures  are  desired,  the  metal  thickness  may  be  increased  to  stand 
any  desired  pressure.    The  weight  and  cost,  however,  is  increased  in  proportion  to  the  thickness. 
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Endowed  RtxdiaU/rt. — Enclosed  radiators  should  be  increoBed  in  amount  of  surface  Trom 
15  to  25  %  depending  upon  the  type  of  enclosure.  From  tests  by  Harding  and  Lichty  at  the 
UniveiHity  of  Illinois,  the  effect  of  shelves  waa  to  reduce  the  transmisaion  5  %  and,  if  very  close 
to  the  top  of  the  radiator,  10%.  Hecesscd  rsdiatora,  2^  in.  from  thewallon  theback,  were 
reduced  10  %.  The  most  efficient  type  of  enclosure,  reducing  the  efficiency  to  80  %  of  the  open 
radiator,  is  shown  in  Fig.  8.     Enclosed  radiators,  however,  are  to  be  avoided  if  possible. 

lOd.  Pipe  Coils. — Pipe  coils  are  the  most  efficient  form  of  heating  surface  and 
when  conatructed  properly,  are  really  better  and  less  offensive  looking  than  radiators,  but  high 
labor  coals  and  the  cheapness  of  cast-iron  radiators  have  caused  them 
to  be  mipereeded  except  in  ca 
in  factory  work,  thus  reducing  t 

Two  typa  of  ooila  uv  Bbown  in 
Fio.  B  and  10,  odb  kaowD  oa  Uis  faudcr 
cwl  and  tta«  other  u  a  return  bead  coil. 
The  Tertical  pipea  abown  ua  («  the 
purpoae  of  tikios  up  eipannon.  The 
•anM  obJMt  may  be  aMomplUhed  by '' 
fittini  the  coil  into  a  corner  ol  tha 
twiiiHiij,  ui  which  caae  tbc  Tertieal 
pipes  and  hewlere  beoome  unnvcea- 
»ary.      The  thorteat  pipe  in  the  Bpring 

piece  ahould   uot  be  leaa  than  3  (t.  ^°-  «  -H«d«  coil. 

llMum   bend   eoib  an    uasd    where 

breaka  in  the  wall  prevent  the  uae  ol  looc  ooila.     Wh«a  the  pipca  ve  go  abort  u  to  prevent  the  awirm  of  the  ntum 
bend  in  icrewinc  tbem  on  the  pipe,  right  and  left  threaded  bendfl  are  used  senetaily  far  coils  under  10  ft.  loni.     A 

benda  an  infinite  number  of  combinationa  may  be  nuuie  lu  coil  work. 

Coili  an  often  placed  overhead  in  factory  worli  toietthem  outof  theway.  Since  heated  air  riaee,  the  heat  ha* 
to  baok  down  to  about  B  ft.  from  the  floor  before  the  heating  eSect  U  obtained.  Thia  meana  the  coila  are  in  a 
t*D4>er*tui«  10  or  15  deg.  huiher  than  the  averaiv  room  temperature.  Where  uaed  on  ETouod  floon  with  open 
door*,  it  haa  been  found  diffleult  to  lEt  the  Gni  floor  warm  aamoetol  the  heal  wae  diaaipated  in  raitioB  the  lemper*- 
ture  of  the  floor  above.     Where  there  are  movinii  belt*,  and  where  high  preeaure  ateam  ia  uaed  with  oDrreapondini 

high    tempemtuna,   fairly   good   reaulta  are 

Wall  mdiatora 
or  coil*  and  thU 

lOe.  Location  of  lUdi- 

— As  a  general  rule,  the  beat 
location  for  radiators  ia  under  the 
windows  or  agaiost  an  outside  wall. 
The  radiator  transmission  will  be 
greater  If  placed  on  the  outside  wall 
due  to  the  cooling  effect  of  the  win- 
dow accelerating  the  upward  and  downward  flow  along  the  ceiling  from  the  radiator,  thus 
increasing  the  velocity  of  the  air  and  the  heat  transmission  by  convection. 

pBraona  aitUiv  at  the  window  will  fee]  a  diiagrecabJe  draft  due  to  the  cooling  effect  of  the  cold  glaaa  aurhee  op 


i.  placed  under  the  window,  the  heat  by  ™i.vection  from  the  radiator 

cold  glua,  thua  reducing  the  air  movement  materiaUy  io  tt.B  room  and 

,  both  of  thcae  eHect.  are  •mall  aa  compared  with  the  poaaible  and 

putina 

11.  Principles  of  Piping.— Figs.  11,  12,  and  13  show  diagrammatically  principles  that, 
if  obeerved,  will  facilitate  the  solution  of  the  problem  of  proper  pipe  sizes  for  stoam  and  water 
systems  and  insure  better  results  in  operation. 

Fig.  11  is  the  generally  accepted  method  of  laying  out  steam  and  water  systems.  TTier- 
moststic  traps  or  choke  valves  are  absolutely  necesnan,'  to  insure  operation  when  the  piping  ia 
arranged  in  this  manner.     With  the  same  work  in  each  radiator  and  the  same  drop  per  unit  of 
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distance,  without  the  thermostatic  traps  the  fluid  would  actually  be  required  to  flow  up  hill 
or  from  a  lower  to  a  higher  pressure  or  temperature.  There  would  be  in  any  case,  a  retarda- 
tion of  the  flow  and  this  is  frequently  the  cause  of  trouble  on  heating  systems,  although  some- 
what exaggerated  in  the  sketch.  By  observing  the  above  principles,  errors  of  calculation 
and  assumption  are  largely  eliminated  and  adjustments  of  flow  after  installation  are  avoided. 

In  Figs.  12  and  13  all  radiators  are  exactly  the  same  distance  from  the  source  and  the  oooling  increments  are  all 

in  the  same  direction  or  added  in  the  direction  of  the  f  ow. 
Fig.  13  is  a  method  applying  to  hot  water  systems  whereby  the 
radiators  are  shimted,  although  the  radiators  at* A  may  be 
somewhat  cooler  thfin  those  at  £;  it  is  readily  seen  that  all 
cooling  effects  are  in  the  same  direction,  and  as  the  average 
mean  temperature  is  used,  it  will  have  little  effect  on  the 
system.  In  Fig.  13  all  tees  are  full  sise  on  the  run  which  has 
a  great  deal  to  do  with  reducing  friction,  as  reducing  tees 
offer  the  greatest  obstruction  to  flow.  This  defect  does  not 
appear  in  systems  of  steam  and  water  with  low  velocities. 
All  pipes  should  also  be  carefully  reamed  to  remove  the  burr,  as 
sometimes  M  in-  of  the  diameter  is  lost  where  the  burr  is  left. 
The  principle  involved  in  a  shunt  circuit  may  be  stated 
as  follows:  The  drop  in  pressure  between  B^  and  B  is  the 
same  through  the  radiator  as  through  the  main.  The  quantity  of  water  flowing  from  C  to  ^B'  is  the  same  ss 
from  B*  to  B  through  both  passages  (Fig.  13).     From  formula  of  Art.  9  for  loss  of  head  in  friction 

IVJ        hVi* 
d    "      dl 

in  which  IV  and  d  refer  to  the  main  (.BB*),  and  h,  Vii  and  <fi  to  the  shunt  {BB').  This  formula  gives  the  relation 
between  the  velocities  in  the  two  circuits  between  B  and  B*  and  makes  possible  the  solution  of  the  proper  stse 
of  pipes  for  any  required  flow. 

12.  Low  Pressure  Gravity  Steam  System. — The  boiler  on  this  type  of  system  is  connected 
to  the  radiators  by  a  series  of  supply  and  return  pipes,  arranged  so  that  the  condensation  flows 


Fxo.  11. — Diagram  showing  distances  unbal- 
anced, with  supply  and  return  flowing  in  opposite 
directions,  causmg  the  cooling  increments  to  be 
positive  and  negative. 


Table  14. — Size  of  Steam  Mains  for  1  to  3-lb.  Average  Pressure    ■ 

Loss  in  pressure  per  100  ft.  run  in  oz.  per  sq.  in.    Steam  in  lb.  per  hr.  Divide  by  con- 
densation factor  for  sq.  ft.  of  radiation.     Plotted  on  Diagram  2 


Velocity     (ft. 
per  sec.) 

Nominal 

pipe 

sizes 
(inches) 

10  ft. 

20  ft. 

30  ft. 

o«. 

drop 

40  ft. 

50  ft. 

60  ft. 

70  ft. 

drop 

Lb. 

per 

hour 

Os. 
drop 

Lb. 

per 

hour 

Os. 
drop 

Lb. 

per 

hour 

Lb. 

per 

hour 

Os. 
drop 

Lb. 

per 

hour 

Os. 
drop 

Lb. 

per 

hour 

Os. 
drop 

Lb. 

per 

hour 

^4 

0.56  1  4.8 

2.24      9.6 

5.04    14.49.0 

19.2 

14.0 

24.5 

20.2 

29 

27.5* 

33.6 

1 

0.39      7.6 

1.55 

15.0 

3.44 

22.56.08 

30.0 

10.0 

37.5 

14.4 

45 

19.6 

52.5 

IH 

0.29    11.6 

1.14 

23,2 

2.6 

34.86.64 

46.0 

7.25 

58.0 

10.44 

70 

14.28 

81.0 

IH 

0.205  16.8 

0.82 

33.6 

1.8 

50.4  3.28 

67.0 

5.0 

84.0 

7.2 

100 

9.8 

118.0 

2 

0.48 

60.0 

1.09 

90.0  1.92 

120.0 

3.14 

150.0 

4.36 

180 

5  88 

210.0 

2H 

0.34 

92.8 

0.76 

139.5  1..34 

186.0 

2.11 

232.0 

3.04 

278 

4.1 

326.0 

3 

0.25 

134.0 

0.66 

200.7  1.0 

267.0 

1.56 

334.0 

2.25 

401 

3.06 

468.0 

3M 

182.0 

0.48 

274.0  0.82 

365.0 

1.32 

456.0 

1.9 

647 

2.56 

638.0 

4 

0.37  367.00.66 

476.0 

1.04 

695.0 

1.6 

714 

2.04 

833.0 

4H 

,0.53 

602.0 

0.82 

752.0 

1.2 

902 

1.64 

1.062.0 

6 

0.48 

744.0 

0.75 

930.0 

1.08 

1.116 

1.47 

1.302.0 

6 

0.39 

1,073.0 

0.56 

1.341.0 

0.83 

1.609 

1.13 

1,877.0 

7 

0.29 

1.460.0 

0.45 

1.825.0 

0.65 

2.190 

0.88 

2,555.0 

8 

0.25 

1.908.0 

0.39 

2„385.0 

0.56 

2,862 

0.76 

3.330.0 

9 

0.33 

3.021.0 

0.47 

3.624 

0.64 

4.328.0 

10 

0.3 

3,720.0 

0.43 

4.464 

0.68 

5,208.0 

12 

0.26 

6,370.0 

0.34 

6,444 

0.46 

7,618.0 

14 

0.28 

5,844 

0.38 

10,227.0 

16 

\ 

1          '            1 

i 

0  24 

11.493 

0.32 

13.366.0 
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back  to  the  boiler  by  gravity.    Radiators  may  be  connected  with  single  pipe  risers  and  runoutii 
or  with  separate  supply  and  returns,  known  as  one  and  two  pipe  systems  of  piping. 

All  steam  ayBieniB  oonneoted  in  direct  oirouit  with  the  boiler  require  a  head  of  water  in  the  vertical  return  as  it 
eoUMt  to  oounterhalance  the  difference  in  preasure  in  the  boiler  and  radiation  due  to  the  condensation  of  the  steam 
and  friction  of  the  fluid.  This  necessitates  a  difference  in  level  between  the  loweet  dry  return  pipe  of  2  ft.  for  each 
1  lb.  difference  in  pressure,  or,  in  most  cases,  3  or  4  ft.  The  greater  the  initial  pressure  carried,  the  greater  the  dif- 
ference in  level  required.  If  the  dry  return  is  too  close  to  the  water  line,  water  will  collect  in  the  horijontal  pipe, 
and  failing  to  return,  will  cause  low  water  in  the  boiler.     If  the  boiler  pressure  is  Ipwered  toe  necesbary  coxmter- 
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Fig.  12. — Method  of  balancing  distances  on  piping  for 
steam  or  water.  Cooling  increments  are  always  positive, 
and  return  and  supply  flow  in  the  same  direction. 
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Shunt  system  as  applied  ib  hot  wafer 

FiQ.  18. — Cooling  increments  all  positive, 
distances  balanced. 


balancing  head  in  the  return  is  also  reduced  and  the  water  will  flow  back  to  the  boiler.  The  job,  however, 
should  be  designed  so  this  will  not  occur  or  it  should  be  remedied  by  raising  the  return  or  lowering  the  boiler. 
Returns  are  known  as  wet  and  dry.  Those  above  the  water  line  carry  very  wet  steam  and  water,  and  those  below 
the  water  line,  known  as  wet  returns,  carry  water  only. 

124.  Size  of  Steam  Pipes. — Diagram  2  and  Table  14  may  be  used  for  the  steam 
lines  on  all  low  pressure  steam  systems  from  atmosphere  to  10-lb.  pressure.  Their  use  will 
give  somewhat  greater  capacity  at  the  higher  pressures  due  to  the  increase  of  the  density  of  the 
steam.     Diagram  2  shows  two  sets  of  lines,  one  dash  and  one  full.     The  dash  lines  refer  to  the 
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Tabls  16. — Table  of  Nitmbbr  op  Pipes  op  Bquivaijsnt  Area,  also  Number  Having 

Same  Discharge  por  Same  Length  (H  in.  to  12  in.) 
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lower  scale  Far  pounds  of  ateam,  and  the  full  lines  to  the  upper  BCale,  which  is  100  timea  the  lower. 
The  pressure  drop  per  100  lin.  ft,  U  in  pounds  per  square  inch,  and  dotted  lines  show  equal  pre»- 
sure  drop  in  ounces  per  square  inch  per  100  lin.  ft.  In  order  to  use  this  diagram  and  tabic  it  is 
neceasary  to  know  (1)  the  pounds  of  steam  per  hour  (determined  from  the  heat  loss  of  the  build- 
ing plus  25%  divid>:d  by  the  latent  he^t  of  evaporation),  and  (2)  the  friction  head  (drop)  in 
pounds  per  square  inch  per  100-ft.  length  (determined  from  the  maximum  allowable  friction 
head  divided  by  the  length  of  the  circuit).  If  the  piping  is  arranged  in  the  proper  manner,  the 
branch  circuits  may  be  designed  from  the  equalization  table,  Table  15. 

136.  Slie  of  Return  Pipes. — James  A.  Donnelly  has  deduced  the  tsizes  of  return 
pipes  for  various  systems  aa  shown  in  Table  16.  The  theoretical  size  of  return  main  in  any 
steam  heating  syBtem  will  depend  upon  (1)  the  allowable  pressure  drop  in  the  main,  usually 


Fia.  M, — Low  piHiui 


taken  the  same  as  for  the  steam  main,  and  (2)  upon  whether  the  main  is  wet  (run  below  the 
water  line  of  boiler)  or  dry  (Tun  above  the  water  line  of  the  boiler).  In  the  oaec  of  wet  returns 
the  main  carries  only  water.  Assuming  the  same  friction  pressure  loss  as  for  st«am  and  with 
water  flowing  in  the  pipes,  the  weight  will  vary  as  the  square  root  of  the  densities  for  same  pres- 
sure drop  and  pipe  siie,  or  a  wet  return  has  40  times  the  capacity  of  a  dry  return.  These  capa- 
cities are  given  in  square  feet  of  radiation  at  0.3  lb.  per  sq.  ft.  per  hr.as  the  condensation  factor. 

lie.  tUiunil**  PnblBm. — Fi(,  lliik  Bt«ni  pipins  Uyout.  One-half  of  tba  buildiua  ha«  >  one-pipt  up 
fewlBodlheotherhklf  an  Dverbeftd  down  feed  pipiOKSratem.  Pnctiully  2S0dc«.  kverafe,  ot3  to5-lb,Bt««m  inv- 
■ureia  lued.  From  Fia.  7and  Table  13,  B.t.u.  lo«g»  pet  hour  -  1.232,000  +  35%-  1.540.000  B.t-u.  Divide  by  the 
latent  he«t  of  Bieam  al  220  deg,  F„  or  985  B.t.u.  ^^y^  -  1000  lb.  of  atewn  pet  hi,  wiib  S3I0aq.  ft.  of  itufaw 
(achedule  "C").  The  lonrtb  o(  the  eircuit  on  the  oierhead  eyatem  will  be  400  ft.  The  aTailabIa  drop  in  preasie 
in  leH  of  water  la  equal  to  (he  difference  between  the  height  of  the  water  line  in  the  boiler  and  the  beif  ht  ol  thewalec 
in  the  return  main— B«y  IS  in.  ol  water  column,  or,  with  0.43  lb.  per  It.  -  J. 6  X  0,43  -  0.845  lb.  or  0.648  X  18  - 
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10.32  oi. 


10.32  X  100 
400 


2.^-oz.  drop  in  pressure  per  100  ft. 


ft  of  surface.  1600  lb.  of  steam  per  hr.,  and  2  oa.  drop  per  100-ft.  run,  we  have 


2  oz.  to  be  conservative.     If  there  are  5300  sq. 
IdOO 


5300 


0.3  lb.  of  steam  per  sq.  ft. 


of  heating  surface  i;>er  hr.  In  Diagram  2,  use  the  line  of  2-oi.  drop  which  shows  a  5-in.  main  will  be  large  enough 
If  we  assume  1-os.  drop  i>er  100  ft.,  it  will  require  a  6-in.  line.  Use  a  5-in.  line  with  covered  risers,  or  a  6-in.  line 
uncovered. 

As  the  total  heat  loss  of  the  building  was  used,  the  point  of  capacity  for  covered  or  uncovered  pipes  ia  not  so 
important,  as  the  greater  radiation  will  reduce  th9  pressure  required  to  heat  the  building,  increasing  the  drop  and 
velocity. 

The  5-in.  main,  being  'divided  into  2  branches.  Table  15  shows  1.8  of  4-in.  pipes  equal  a  5-in.  pipe  and,  there- 
fore, two  4-in.  branches  will  be  a  little  larger  than  the  5-in.  main.     A  4  in.  has  05.5  times  the  capacity  of  a  ^^-in.  pipe 

2650        40.6  X  100 


(Table  15).    For  one-halt  the  surface,  or  2660  sq^ft., 


40.0  ^4-in.  pipes  or 


1.53  of  ^4-in.  pipes 


65.6  "  '^-^  ^*  '"•  '"•^  ""  2660 
per  100  sq.  ft.  of  surface.  Riser  1  has  260  sq.  ft.;  therefore,  2.60  X  1.52  —  4.0  of  f^-in.  pipes,  or  one  IH-in.  pipe 
(Table  15).  Riser  2  has  305  sq.  ft. ;  therefore,  3.05  X  1.52  »  4.7  of  K-ui*  pipes,  or  one  l>i-in.  pipe,  etc.  For  return 
pipe,  use  Table  16,  Column  F. 

For  one-pipe  up  feed  system,  double  the  riser  connections  in  sise  as  there  will  be  water  and  steam  flowing  in 
oppoeite  directions — ^that  is,  use  3.2  of  ^^-in.  pipes  per  1(X)  sq.  ft.  for  riser  and  1.52  of  M-in-  pipes  per  1(X)  sq.  ft.  for 
steam  main. 

Fig.  14  is  intended  to  show  diagrammatically  different  methods  of  connecting  risers  and  radiators  applicable  to 
all  steam,  vacuum  and  vapor  systems.  The  use  of  automatic  vents  and  thermo-trape  would  form  a  vapor  system 
when  connected  directly  to  boilers;  with  mechanical  air  removal  and  traps  and  pumps  would  be  a  vacuum  system; 
with  all  appliances  left  off  and  directly  to  boiler  would  be  a  gravity  return  system. 


Table  16. — Maximum  Capacity  of  Steam  and  Return  Mains  for  Runs  of 

Moderate  Length^ 

In  this  table  the  maximum  capacity  of  return  mains  is  given  lor  various  percentages  of  steam  carried,  as  well  aa 
the  steam  rating  of  pipes  from  J4  to  16  in.  These  quantities  are  aU  figured  for  a  drop  in  pressure  of  1  oi.  per  sq.  in., 
per  100  ft.  in  straight  pii»e  and  are  expressed  in  sq.  ft.  of  radiation  with  a  condensation  factor  of  0.3  lb.  per  sq.  0.  per 
hour. 
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Column  *'  A, "  steam  rating  in  standard  direct  radiation  for  piping  within  buildings  for  all  classes  of  systems. 

CoIumQ  "  B, "  rating  for  wet  return  main  of  a  gravity  system. 

Column  "C,"  rating  for  main  return  of  the  poeiUve  differential  system. 

Column  "  D,"  rating  for  the  main  return  when  it  is  above  the  water  hne  in  a  dry  return  gravity  system. 

Column  "  E,*'  rating  for  the  branch  returns  of  the  positive  differential  system,  and  for  the  branch  returns  that 
are  above  the  water  line  in  a  wet  return  gravi  y  system. 

Column  "  F"  rating  for  the  branch  returns  of  a  (dry  return  gravity  system. 

Columns  "  G  '*  and  *'  H,"  rating  for  gravity  systems  where  the  returns  have  unusual  condensing  capacity  and  for 
the  returns  in  vacuum  ssnstems  where  jet  water  is  used. 

If  it  is  desired  to  apportion  the  sises  more  accurately,  follow  each  circuit  and  branch  with  the  distances,  reading 
the  drops  from  the  discharge  on  I>iagram  2.  The  sum  of  the  drops  for  flow  on  all  circuits,  drawing  a  line  from  boiler 
through  the  radiator  and  back,  should  all  equal  the  same  total  sum  of  2-bs.  drop  per  100  ft.  or  a  total  of  8  oa.  All 
risers  and  mains  should  be  dripped  and  checks  or  tbermoetatio  traps  placed  at  points  marked  '*A"  in  Fig.  14. 

13.  Forced  Hot  Water  System. — Diagram  3  is  the  result  of  a  comparison  of  more  than 
seven  friction  formulas  published  by  the  writer  in  "  Power"  July  9,  1912.  The  average  seemed 
to  agree  nearest  t^  William  and  Hazen's  formula: 

H  -  0.00037/  y^„ 

H  =  friction  head,  feet  of  water. 
I  »  length  in  feet. 
V  =  velocity,  in  feet  per  second. 
d  =  diameter  of  pipe,  in  feet. 

If  all  units  are  equidistant  from  the  source  in  the  layout  of  any  piping  system,  the  length  in 
the  formula  may  be  disregarded  as  the  distances  are  balanced. 

In  any  case,  no  matter  how  complicated  the  piping  system,  the  head  through  all  circuits  and  fluid  passages  will 
be  the  same,  and  the  velocity  of  the  flows  will  adjust  itself  accordingly.  It  often  occurs  that  with  some  layouts  the 
problem  becomes  indeterminate,  and  these  constructions  should  be  avoided  by  reducing  to  a  minimum  the  number 
of  passages  for  the  fluid.  Effort  should  be  made  to  avoid  complicated  ssrstems  requiring  accurate  determination 
of  the  drop  and  to  so  plan  the  circuits  that  they  will  give  the  proportional  flow  required  for  each  branch,  with  a 
minimum  of  computation. 

13a.  Pthnps  for  Forced  Hot  Water  Systems. — On  large  plants  two  pumps  should 
be  used,  one  electric  and  one  steam  driven.  If  these  pumps  have  a  rating  for  the  total  capacity 
of  the  system,  they  should  be  placed  in  series;  if  the  rated  capacity  is  3^  of  the  maximum  or  less, 
they  should  be  placed  in  parallel. 

The  pumps  should  be  double  suction  with  hollow  impeller,  preferably  of  brass  or  bronze, 
with  water  packed  bearings. 

B.  t.  u.  per  hr.  X  7.5  „ 

-.  -j;  — T t: — ; 1 =  gallons  per  mm.,  pump  capacity 


Temp,  drop  X  60  min.  X  wt.  per  cu.  ft.  at  mean  temp- 
Gal.,  per  min.  X  A  X  8.3  lb.      i     ,     ,  r      • 
oo  /^xV^-v^    «   ,.-r^  ^    Tr^  rw  \-  ="  brakc  horsepower  of  prime  mover 
33,000  X  eflf.  (50  to  70  %)                            *'  i' 

in  which  h  =  total  friction  head  plus  safety  factor  in  feet. 

After  calculation  of  required  quantities,  the  nearest  size  frame  built  by  the  manufacturer 
should  be  determined  and  the  layout  adjusted  accordingly. 

The  curves  of  these  pumps  are  such  that  when  the  head  reaches  the  maximum  point,  the  discharge  falls  off  to 
nothing  at  the  rated  speed,  or  the  discharge  increases  to  a  certain  point  and  cannot  be  increased  except  by  an  in- 
crease in  speed. 

If  the  friction  on  the  piping  for  a  certain  capacity  is  greater  than  the  rated  head  on  the  pump,  the  discharge 
will  be  reduced.  If  the  friction  is  less,  the  discharge  will  increase  until  there  is  a  balance  and  the  motor  is  apt  to 
overload  due  to  the  increased  horsepower. 

When  the  head  on  the  gages  shows  the  same  as  the  rated  head  of  the  pump,  the  pump  may  not  be  delivering  the 
water.  There  are  a  large  number  of  installations  where  the  water  delivered  is  not  even  near  the  capacity  of  the 
pump.  It  is  good  practice  when  using  motor  driven  pumps  in  places  where  they  receive  little  attention,  to  specify 
a  Cutler  Hammer  overload  release  so  the  motor  will  be  thrown  out  of  circuit  automatically  when  overloaded. 
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lib.  lUuliatlTa    Problam. — Ortrhtad    Pipirm    (fig.     16).— 210   deg.  F.  bvcri«s— SO-daf.  drop. 
i  lb.  p«ccu.  [t.     Total  Isngth  of  circuit  i*  460  ft.     (From  Tabic  3,  p.  lOSl,  Coliinm  0). 

ToUlB.t.u 1^32.000 

35S 308,000 

Total 1,540,000  B.t.n.  per  hi.  (T4ble  1» 

iTx^'^.  X  59.8  -  21  6  cu.  It.  pn  mil..  X  7.5  -  182  wL  pet  mm, 

a  13,  MshadulB  "A"  cirea  STSS  square  f»t  at  S-ooIuidd  radialota  fat  tbii  layout. 

r  per  sq.  It.  -  ^j^  -  0.028  fal.  per  iq.  ft.  or  2.S1  gal.  p«  100  *q.  ft.  per  min. 

ime  35-ft.  head  (oi  total  lilt  for  (rietloD, 

<  9,3  lb.  X  35         IM  „„    .      - 

1,000  It-lb. oW^.  -  ^-^  "P-  •"■  '■''P-  ""*"• 

?!^y25-7.nft.h»dperlOOIt. 


I.  15. — Orgihead  forced  hot  water  ayitem  iayout.  210  deg.  averse*  tenperatUTe.  20  dec.  drop.  Schedule  "A"- 
(Table  13). 


Diacram  3  shom  160  tal,  in  3-in.  pipe  at  ■ 
of  the  circuit  and  have  plenty  ol  power  in  the  m 
the  radiation.  Using  Table  15  for  equalintion 
pipee  ue  equivalflnt  to  36  ^^-in,  pip«,  so  the  t 
2M  in.  each  which  nil  reduce  the  head  glightly  I 
drop  per  100  It.,  ia  thle  csu  7  It.,  and  (ram  the , 

Riaer  1  hai  7.8  gal.,  and  aa  all  diiUncea  a 
Riser  2  requires  8,4  gal,  and  will  be  1  in,  a*  a  1  in. 
3),  etc,     Contiaue  as  indieated- 

Tbe  pump  should  be  2!.j  or  3-in,  double  suctioD  with  bi 
boxes  on  the  pump,     A  3-valTe  by-pass  should  be  arranged 

The  expansioii  lank  (Fig.  ISA)  should  be  supplied  with  pop  valve  me 
na  automatic  water  feeder  and  awing  check  valve,  to  break  any  vacuui 


ft.  per  sec    A34n.  main  will  be  ample  by  easing  up  therea 
spare.    This  makes  2.82  or  3  gal.  per  min.  per  100  sq.  ft.  [d 

s,  a  3-in.  pipe  is  equivalent  ta  32  H-'o-  pipee  and  two  2H-il 

we  can  liie  pipee  from  Diaatam  3  and  Table  IS. 

i.  they  can  be  neglected.     From  Diagram  3.  riser  1  ia  1  ic 

iver9  gal,  per  min.  for  7  ft.  Idea  in  head  perlOO  It,  (Diagnr 


.0  Ibe  wsl 


It  ahould  also  be  suppUed  with 
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city  water  pressure  to  the  automatic  water  feeder  ia  suffieient  to  overcome  the  static  head  of  70  ft.  plus  the  10-lb.  pop 
valve  or  a  total  pressure  in  the  basement  in  this  case  of  45  lb.  per  sq.  in. 

The  return  from  the  heating  system  forms  the  suction  of  the  pump  and  the  discharge  is  led  into  the  return 
openings  of  the  boiler.  With  down  draft  boilers,  all  connections  should  be  tied  together.  It  is  well  to  make 
a  double  connection  to  the  supply  so  as  to  reduce  resistance. 


Fig.  15A. — Arrangement  of  expansion  tank  and  fixtures  for  dosed  hot  water  heating  systems  operating  with  tem- 
perature above  210  deg.  F. 

14.  Gravity  Hot  Water  Heating. — The  same  formulas  for  discharge  of  pipes  do  not  hold 
for  lower  velocities  than  2  or  3  ft.  per  sec.,  as  occur  in  gravity  water  heating.  I.  V.  Serginsky 
in  the  Heating  and  Ventilating  Magazine,  November  1913,  translated  and  gave  the  formulas  of 

0  1  'iR 

Dr.  R.  Biel.     There  are  two  critical  velocities:  V\  =  ~~T~*  *^e  lower  critical  velocity;  and  Vt 

1.382 
=     /.  •  *^®  upper  critical  velocity.     The  proper  selection  of  the  formulas  (A),  (B),  and  (C) 

given  below  is  made,  using  (A)  for  velocities  below  Fi,  {B)  for  velocities  between  Vi  and  Vt, 
and  (C)  for  velocities  above  Ft.  Both  Vi  and  V%  are  in  feet  per  second  and  d  «  internal  diam- 
eter of  pipe  in  inches,  h  »  head  in  inches  of  water  at  the  average  temperature  of  that  in  the 
system  (for  head  in  feet  of  water  divide  by  12). 

These  formulas  from  which  Diagram  4  was  constructed,  are  as  follows: 


h 
h 
h 


0.0111  ~ 

tp  <0.,757,(0.33  +  1^) 


{A) 
(C) 


As  various  temperatures  and  heights  may  occur  in  hot  water  heating,  the  writer  arranged  Diagram  4  to  read 
in  feet  head  drop  per  lOO^t.  length  of  standard  pipe.  The  discharge  is  in  cubic  feet  per  hour  for  the  average  weight 
per  cubic  foot.  The  chart  is  universal  for  any  temperature  condition  as  the  ieet  head  of  water  will  be  proportional 
to  the  weight  per  cubic  foot.    This  is  not  true  where  specific  conditions  of  temperature  are  named. 

The  total  head  available  for  gravity  heating  is  the  difference  in  weights  per  cubic  foot  at  the  final  and 
initial  water  temperatures  divided  by  the  weight  per  cubic  foot  at  the  average  temperature  multiplied  by  the 
average  height  of  the  system.  To  determine  the  cubic  feet  per  hour,  divide  the  heat  loss  multiplied  by  125%  by  the 
product  of  the  assumed  temperature  drop  by  the  weight  per  cubic  foot  at  the  average  water  temperature.  The 
result  H-ill  be  the  cubic  discharge  for  the  whole  system.  Using  Diagram  4,  the  main  may  be  directly  determined. 
For  other  circuits,  divide  the  total  cubic  feet  by  the  total  square  feet  of  radiation  and  determine  the  sise  tor  subsi- 
diary circuits  in  the  same  manner.  If  mains  are  laid  out  ao  radiators  are  equidistant  from  the  boiler,  the  rest  of 
the  siaes  can  be  read  from  equalisation  Fable  15  in  proportion  to  the  square  feet  of  heating  surface  installed. 
Thb  applies  to  all  gravity  hot  water  heating  plants  of  all  descriptions. 
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Table  16  ia  an  equalization  table  based  on  the  friction  formula,  p.  1106,  used  for  Diagram 
3.  Tests  give  higher  values  for  the  smaller  size  pipes,  so  there  ia  a  safeguard  of  about  10% 
where  the  larger  size  pipes  are  in  terma  of  the  smaller.  The  heavy  face  figures  are  the 
number  of  pipes  of  equivalent  area;  the  light  face  figures,  the  number  with  the  same  drop 
in  friction  head  for  the  same  discharge  per  unit  of  time.  The  heavy  lines  drawn  diagonally 
and  figures  on  the  margin  give  the  ratio  on  area  increase  foi  the  number  of  smaller  pipes 
and  also  the  ratio  of  the  decreaue  in  velocity. 

All  wtttt  BjrMeiD*  with  b  tampentun  ovar  ISO  dca.  mudDiuni  ahould  be  Blawd  tyUait  with  ■  pop  nive  Mt  M 

nlTC     All  water  BystBrng  below  ISO  deg.  mkiimuni  tempentuie  may  b«  op«a  Bynenu,  but  it  witi  b«  found  Umt  mil 
liot  water  ■ystenu  ciroulnte  better  under  lome  preaure. 

Objection  bu  been  made  to  doKd  water  ayetems  H  b«ng  dwnseroua  due  to  likelihood  of  eiplouoD.  Thie  ia 
■rnmeoua  provided  proper  talety  valv«  ara  DKd.     There  ia  jual  a>  much  dautar  of  blowiui  all  the  water  out  of 

water  letnperatutv  of  330  dea.  with  a  proper  ealety  valve.     Sa^rty  lahtt  on  <i&  haatin^  tffUtm*  ^wylibt  jropvrtivntd 
lolA*  rroUorea  of  On  boOtr  ai  Ihit  it  thi  tourrt  of  ihr  maiimum  amUaNt  tnrniV- 


Fid.  Id.— Orkvitr  hot  wkter  heating  iiyate 

m  layout.  210  dea.  ar erase  ten 
sinde  main  in  buement. 

penture.  30  deg 

drop,  i>h 

ntay. 

•""• 

14a.  HlDilntiTa  Problem.-- 

-Cloaad  OraMv  Hoi  Wa 

trSg, 

.m.- 

-FiB.  10  i«  a 

layout  for  .  (« 

vity 

hot   water  ayatem  for  the  aame  problem 

M  Fi(.   15  with  the  m 

ain  be 

lri»nahiii 

ted,  and 

™l.on 

the 

fourth  Soor.    Watv  ia  talten  at  210  dcg. 

h3(KI 

op.     Thia  wi 

beaclwd 

■yatem   with  the  eipannon  tank  of  the  lame  type  a>  the  forced  ho 

ayat 

m  (Figa.  IS 

and  ISA) 

Thi. 

will 

aaG-lb 

etea 

naalO-lb 

popv 

alve 

Beat  loa  l^ua  26%  a*  before  -  1.540. 

MO  B.I.U.  (Table  13) 

Ancavt  heiahl  of  ayatem— echcdule 

A."  Table  13. 

«hfLIW0X55  -  T4.80B 

ati  ti.  i:3o  X  10  -  40,200 

^      *Kia  1230  X  so -24.600 

M05                  101.780 

Avarase  heiibt  -  -^™  -  28,0  fl„  »y  30ft. 

HaMiDourfMa  -  5it9tq.ft..>chedul 

■■A."T»blel3, 

Lwiftk  gf  nwlii  «  MO  ft,  oa  baaemmt 

eiliDi. 
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3.  ft.  of  Aurfu^ 


From  DiMnml,  with  m  drop  of  0.123a  ft.  per  100  It.  ■ad  >  duclurae  of  S( 

bHkUK  the  djatatm  i*  (honei  uid  the  drop  ia  ctMtar  then  in  Fi(.  IT. 

In  this  lystein  ehch  riier  imd  radJBtor  ia  coanerted  directly  oS  tbe  ma 
from  the  ciwliii(  of  the  ndiilon.  Ths  caaaectian  practically  inuvaan  t 
tD  be  decreased  through  the  riaen  and  radiator*  aa  the  temperature  falls  alo 
e  through  a 


6-in.  dividing  into  two  5^n,  btanchM.  In  thia  method  th 
menl  i>  added  and  nene  are  minua  lo  the  velocity  will  be  i 
One  e-lD.  main  ia  equivalent  to  163  >l-in.  pipea  (tee  Tabli 
floor,  I  (or  the  aecoDd  and  third,  and  U  tol  the  fourth  Booi 


>  aiH  of  the  main.     The  hesd  will  have 

[  the  line;  there  will  be  only  a  aoiall  part 

0.1277  ft.  drop  per  100-ft.  and  a 


re  no  reducing  fittinga  and  e^ 

With  MOO  ft.  (urface  take  l>j  time 


Fig.  17. — Overhead  gravity  hot  water  open  tank  ayitem  iRyout,  ITO  deg.  Hver»ge  temperature,  !i  ieg.  drop. 
For  Grat  floor: 

^W^  -  0.0S27  H'ia,  pipea  per  aq.  ft.  of  radiation  -  6.27  W-in.  pipes  per  100  «q.  ft.  or  Iron.  Table   15, 


FOTM 


uivalenltoalH-in 
103  X 


er  100  aq.  It.  ol  ra 


-  -  0.03S1  ^-in:  pipes  per  aq.  It.  of  radiation  -  3.51  ^i-ii 
equivalent  to  ■  l>l-in.  pipe  per  100  aq.  It.  of  radiation. 
Foi  fourth  floor; 

193  X  0.75 

,.pii  ■     -  0.0263  Ji-in.  pipea  per  »q.  (t.  of  rMlietion  -  2.63  >i- 

equivalent  to  a  Ul-in,  pipe  per  100  aq.  It.  oI  rsdiation.     From  the  abi 
euily  oalcuUted. 


I  100  aq.  It  or.  from  Table 


]«■  per  100  >q.  ft.  or.  Irom  Table  15, 
d  tbe  aketcb.  the  pipe  siiea  may  be 
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Gravity  Hot  Water  Optn  Tank  Sytem  (Fig.  17). — Gravity  hot  water  overhead  system  170  deg.  F.  average 
temperature  water — 26-deg.  drop.     Heat  loss  as  before  plus  25%  »  1,540,000  B.t.u.  (Table  13). 

Heating  surface  «  8244  sq.  ft. 

Total  length  circuit  -  450  ft. 

Outboard  temperature  water  »  183  deg.:  W  ■•  00.52 

Return  temperature  water  «  158  deg.:   VF  »  61.04 

TF  at  170  deg.  F.  av.  temp.  *  60.8  (Table  2,  Column  6) 

Avwage  height  of  system: 

4th  floor    2416  X  55  ->  132.900 

3rd  floor    1726  X  40  *    69.000 

2nd  floor    1726  X  20  -    84,500 

-  Ist  floor    2376  X    8  -     19,000 

Total    8244  sq.  ft.  -  255.400 

Average  height  *-     0244     *  31  ft. 

Cubic  feet  per  hour  per  square  feet 

1,540,000 

25  X  60  8  "  ^^^^  *'"'  '*•  ^^  ^^' 

100  X  1015       ,„,        ,^  ,  ,^        *.     .      _^ 

— MgQ "  12.3  cu.  ft.  per  hr.  per  100  sq.  ft.  of  surface. 

Head  -      '    flQg  X  31  ft.  -  0.265  ft.  of  watef. 

0.265  X  100 

Tgg ■«  0.0588  ft.  drop  per  100  ft.  of  main. 


From  Diagram  4  with  a  drop  of  0.0588  ft.  per  100  ft.  and  a  discharge  of  1015  cu.  ft.  per  hr.,  the  sise  of  one  pipe 

necessary  is  8  in. 

From  Table  15  an  8-in.  main  is  equivalent  to  397.7  of  ^-in.  pipes. 

397.7  X  100 

Qogn ■■  ^'^  °'  H'^'  pipes  per  100  sq.  ft.  of  radiation. 

As  every  radiator  is  equidistant  from  the  boiler,  in  using  Table  15  we  have  4.82  of  H-^-  pipes  for  each  100  sq. 
ft.  of  surface.  By  following  the  diagram  and  adding  up  the  number  of  ^-ia.  pipes  necessary  for  the  required 
radiation  in  the  branch,  the  nearest  sise  can  be  found  from  Table  15.     The  square  feet  of  radiation  are  indicated 

at  the  top  of  each  riser.     Riser  3  has  680  sq.  ft.  surface.    r^g-^ —  *  32.6  of  H-^-  pipes.     From  Table  15  these 

996  X  4  82 
are  equivalent  to  one  3-in.  pipe.     Riser  4  has  996  sq.  ft.  surface.    -- — tj^ —  ■*  48  of  f^-in.  pipes.     From  Table 

15  these  are  equivalent  to  one  S}i-ia.  pipe.  Where  a  sise  is  a  little  small  in  one  circuit,  make  the  next  a  little  larger. 
These  pii>e8  may  also  be  siaed  in  the  same  manner  as  for  forced  hot  water  heating  by  assuming  the  same  drop  per 
100  feet,  and  the  oubio  feet  of  water  per  100  sq.  ft.  of  surface,  or  the  quantity  0.0588  ft.  per  100  ft.  and  12.3  cu. 
ft.  per  100  sq.  ft.  per  hour,  using  Diagram  4. 

Tue  expansion  tanlcs  should  be  set  at  least  5  ft.  above  overhead  main  and  connected  to  the  return  of  boiler  by 

a  1  H-in.  pipe.     Tlere  is  a  total  of  about  9000  sq.  ft.  and  with  a  factor  of  1 .5  pints  per  sq.  f  t.^  ~ « :  ■»  — ^ —  «■ 

1700 
1700  gal.  in  the  system,  or  -=-.-  "■  230  cu.  ft.     Assuming  the  water  cold  at  70  deg.  F.,  and  that  230  deg.  F.  is  the 

62.3  —  59.37       2.93 
maximum  temperature,  the  percentage  expansion  of  the  water  in  the  system  is  ^^  —  ^-g  —  4.7%. 

4.7  %  of  230  cu.  ft.  «  10.8  cu.  ft.  -  81  gal.     A  100-gal.  tank  will  be  large  enough. 

15.  Hot  Air  Furnace  System. 

16a.  Furnaces. — Hot  air  furnaces  are  best  adapted  for  heating  dwellings  under 
2000  sq.  ft.  ground  area,  and  small  churches  or  auditoriums  where  intermittent  operation  is 
largely  the  practice.  Small  plants  may  be  installed  for  lower  first  cost  than  for  other  types  of 
systems.  The  specific  heat  and  carrying  capacity  of  air  as  a  heating  medium  limit  the  econom- 
ical use  of  furnaces  for  large  plants,  increasing  the  fire  risk  and  cost  of  both  operation  and  instal- 
lation. Their  action  is  responsive  and  quick  due  to  the  comparatively  small  weight  of  the 
apparatus  and  medium,  making  an  ideal  system  for  intermittent  operation  under  these 
conditions. 

The  fuel  rate  is  high  for  all  hot  air  systems  in  zero  weather,  but  due  to  the  wide  range  of 
carrying  capacity  and  temperature  of  air  as  a  medium  to  meet  outside  weather  conditions, 
hot  air  systems  give  an  economical  overall  fuel  rate  for  the  entire  season.  The  furnace  should 
not  have  a  greater  capacity  in  square  feet  of  heating  surface  than  that  for  which  the  flue  is  de- 
signed, or  incomplete  combustion  due  to  low  flue  temperature  will  occur.  The  height  of  flue 
is  more  important  than  grate  area.  A  draft  of  0. 16  to  0.2  in.  of  water  should  be  available,  espe- 
cially for  soft  coal.     Where  the  chimney  is  of  minimum  height,  the  furnace  should  have  little 
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flue  travel;  where  the  height  is  available,  longer  flue  travel  is  permissible.     A  cool  smoke  pipe 
is  no  sign  of  economy  and  usually  means  incomplete  combustion. 

The  hot  air  furnace  consists  of  a  cast-iron  grate  and  fire  pot  in  which  the  fuel  is  burned,  a  oast-iron  combustion 
dome  with  the  fire  door,  and  a  cast-iron  or  sheet  metal  radiator  through  which  the  gases  pass  to  the  chimney. 
The  whole  is  encased  in  galvanised  iron,  sometimes  with  a  double  casing  with  air  space  for  insulation.  The  arva  of 
diameter  of  the  grate,  always  given  in  catalogues,  and  the  height  of  the  cnimney  determine  the  fuel  capacity,  the 
total  coal  consumed  per  hour,  and  the  rate  per  square  foot  of  grate.  This  ie  primarily  the  limiting  capacity  of  any 
furnace  no  matter  how  much  cooling  surface  may  be  between  the  grate  and  flue.  The  average  furnace  secures 
from  5000  to  6000  heat  units  per  lb.  in  combustion  of  soft  coal  and  from  7000  to  8000  heat  units  per  lb.  in  combus- 
tion of  hard  coal.  The  average  fuel  rate  per  hour  per  square  foot  of  grate  for  the  winter  is  about  4  lb.  It  may  be 
as  high  as  8  lb.  (with  low  outside  temperatures  and  good  draft)  and  as  low  as  2  to  2>^  lb. 

The  cast-iron  fire  pots  are  ribbed  or  slotted  for  use  with  soft  coal  in  order  to  provide  ample  air  supply  for  the 
combustion  of  the  volatile  products  distilled  from  the  fuel  bed.  They  are  often  built  in  two  pieces,  one  of  which 
may  be  replaced  with  a  gas  ring  in  order  to  burn  gas  and  coal  in  conjunction.  The  fire  pot  is  the  first  part  of  the 
furnace  to  be  replaced.  If  the  casting  is  too  heavy,  the  radiating  qualities  are  reduced,  and  if  it  is  too  light,  it  is 
liable  to  warp  from  tie  heat.  All  fire  oots  deteriorate  with  time  and  use  due  to  slow  oxidation  of  the  iron,  and  for 
good  economy  they  should  be  replaced  every  3  or  4  3rr.  If  the  sides  of  the  fire  pot  are  nearly  perpendicular,  the 
ashes  are  lees  likely  to  collect  on  the  sloping  sides  and  interfere  with  the  proper  combustion  of  fuel. 

The  radiator  is  the  heating  surface  forming  the  passage  for  the  gases  to  the  chimney.  In  some  cases  this  is  set 
directly  on  the  fire  pot  and  combined  with  the  oombus^on  dome.  Cast  radiators  should  be  constructed  so  as  to 
insure  against  gas  leakage  in  the  use  of  soft  coal  by  having  as  few  joints  as  possible .  The  cast-iron  radiator  has 
fewer  joints  than  a  steel  radiator  and  is  practically  immune  from  corrosion,  but  the  heating  surface  is  more 
limited  than  that  of  the  sheet  metal  type.  The  great  trouble  with  all  hot  air  furnaces  is  the  deterioration  of  the 
joints  and  the  nuisance  of  coal  gas  leakage  into  the  rooms.  These  joints  are  made  with  a  cup  or  grooye  and 
tongue  packed  with  an  asbestos  cement.  As  far  as  joints  are  concerned,  if  the  furnace  is  taken  down,  cleaned, 
and  the  joints  remade  about  every  4  years,  there  will  be  little  trouble  from  this  catise  with  any  of  the  types.  The 
average  furnace  contains  18  to  22  sq.  ft.  of  heating  surfaoe  per  square  foot  of  grate,  and  the  better  class  contains  10 
to  30  sq.  ft.  per  sq.  ft.  of  grate.     This  quantity  is  seldom,  if  ever,  given  in  catalogues. 

Some  furnace  manufacturers  have  discarded  the  use  of  the  radiator  and  use  an  extra  large  combustion  chamber. 
This  is  advantageous  with  a  low  chimney  because  the  travel  of  the  gases  and  the  frictional  resistance  are  reduced. 
The  use  of  the  radiator  gives  long  flue  travel  and  is  advantageous  with  high  chimneys  where  greater  pressure  is 
available. 

Furnaces  are  sometimes  encased  in  brick  but  generally  with  galvanised  iron,  and  in  the  better  class  of  furnace, 
with  a  double  galvaniaed-iron  casing  with  1-ia.  air  space  for  insulation.  Brick  settings  are  large  and  undesirable. 
A  plenum  chamber  is  generally  formed  in  such  manner  that  the  cross  radiation  from  the  high  temperature  heating 
surfaces  interferes  with  the  flow  of  warm  air,  resulting  in  low  velocities.  Such  is  not  the  case  with  galvanised-iron 
casings  which  are  smooth  and  in  better  proportion  with  the  required  area.  Brick  settings,  however,  are  more  dur- 
able. All  sudden  changes  in  areas  and  velocities,  where  the  flow  of  fluids  is  involved,  cause  loss  of  head  or  resistance 
to  flow. 

The  cold  air  connection  is  generally  taken  from  the  outside  with  an  overhead  or  a- flue  under  ground  leading 
into  the  base  of  the  furnace.  A  return  flue  should  be  taken  from  the  floor  above,  preferably  in  a  hall,  and  fitted 
with  a  damper  so  recirculation  may  be  established  at  will  for  extreme  weather  due  to  the  high  peak  load  and  ex- 
cessive fuel  req\iirements.  The  velocity  and  power  of  the  flues  is  increased  by  the  use  of  out  door  air.  The  oold 
air  flue  should  have  75  %  of  the  combined  area  of  the  hot  air  flues.  Fans  may  be  used  in  connection  with  furnace 
heating  either  to  recirculate  the  air  or  to  take  it  from  out  of  doors. 

166.  Flues  and  Hot  Air  Pipes. — Hot  air  pipes  are  round  except  when  passing 
up  stud  partitions.  They  are  made  of  IX  tin  or  26  galvanized  iron,  and  should  be  graded  up 
in  the  direction  of  floor  1  in.  in  10  ft.  Where  leads  from  the  furnace  are  over  15  ft.,  add  1  in. 
to  diameter  for  each  additional  10  ft.  No  horizontal  lead  should  be  less  than  8-in.  pipe  diameter. 
When  pipes  are  14  in.  and  over/  they  should  be  connected  to  the  furnace  bonnet  with  twin 
connections  and  Y  branch.  Where  long  runs  occur  or  where  the  pipes  are  in  an  outside  wall 
double  pipe  is  used.  Also  if  double  pipe  is  used  in  round  section  for  long  smoke  flues,  it  will 
help  the  draft.  There  is  no  economy  in  a  cold  smoke  pipe.  It  would  mean' that  a  hard  fire 
would  have  to  be  operated  simply  to  keep  up  proper  combustion  and  flue  temperature. 

If  the  furnace  has  a  single  casing,  it  should  be  covered  with  a  layer  of  paper  or  corrugated  pipe  covering  wired 
on.  The  horizontal  air  piping,  especially  the  long  runs,  should  be  wrapped  in  the  same  manner.  There  will  be  a 
large  saving  in  fuel  and  efficiency,  and  a  warm  cellar  will  be  avoided  if  piping  and  furnace  are  insulated.  All 
stacks  should  run  in  inside  walls  and  an  inside  chimney  will  help  the  draft  to  a  greater  extent  than  one  outside  the 
building. 

Registers  are  known  as  wall,  floor,  base,  flat,  and  convex.  Floor  registers  require  a  tin  or  galvanised  register 
box.  Convex  registers  arc  those  whose  lattice  extends  beyond  the  wall  face  in  order  to  give  a  greater  percentage  of 
free  area.  It  is  not  safe  to  calculate  on  more  than  50  %  clear  area  for  register.  Tabic  17  gives  the  capacity  of  most 
common  sises. 
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Provision  should  be  nuMie  to  remove  a  oertain  portion  of  the  air  from  the  building,  althoogh  in  most  residences 
the  construction  permit^  considerable  air  change.     Fireplaces  make  excellent  outlets  for  the  removal  of  air. 

16c.  Desigaing  Data  for  Hot  Air  System. — Table  18  gives  the  capacities  in  cubic 
feet  of  space  heated  by  hot  air  furnaces,  and  total  cross  section  of  the  furnace  pipes  that  may  be 
supplied.  The  area  between  the  casing  proper  and  radiator  should  be  120  %  of  the  area  of  the 
pipes  supplied.  These  capacities  are  based  on:  (1)  8  lb.  of  fuel  per  sq.  ft.  of  grate,  which  rate 
may  be  easily  obtained  in  zero  weather  with  a  good  flue;  (2)  the  initial  temperature  with  all 
outside  air  at  —10  deg.  F.,  0  deg.  F.,  and  +10  deg.  F.,  (3)  air  heated  to  180  deg.  and  entering 
the  room  at  150  deg.;  and  (4)  70  deg.  room  temperature. 

The  capacity  of  a  furnace  in  cubic  feet  of  space  heated  is  not  sufficiently  accurate  due  to 
the  variation  in  requirements.     The  total  area  of  heat  pipes  in  square  inches  is  definite  when 
the  B.t.u.  losses  and  pipe  sizes  are  determined. 
Let  H  »  total  heat  units  per  hour  required  for  the  air  to  be  raised  from  0  to  180  deg. 

h  =  B.t.u.  loss  determined  by  glass  and  wall. 

a  »  total  area  of  pipes,  in  square  inches. 

A  »  square  feet  grate  area. 

d'  =  density  of  air  at  165  deg.  F.  «  0,0635  lb.  per  cu.  ft.  (Table  3,  col.  3). 


Velocity  in  the  casing  «  5  ft.  per  sec. 

Area  of  the  casing  in  square  inches  =  1.2  X  a. 

Specific  heat  of  air  =0.24  B.t.u.  per  lb. 

--      3600  seP.  X  5  ft.  X  1.2''  a'  X  (180  -  0)  X  0.24  X  0.0635 


Table  17. — Capacitibs 

AND  Dimensions  of  Warm  Air  Piping  and  REoiaTBRS 

Diameter  of 

roimd  cellar 

or  riser  pipe 

(inches) 

Rectangular 

riser  pipe 

(inches) 

Area  of 

riser  pipe 

(sq.  in.) 

Required  free 

area  register 

face 

(sq.  in.) 

52 

Size  of  round 
register 

(diameter  in 
inches) 

Sise  of  wall 
register 
\       (inches) 

• 

Sixe  of  floor 
register 
(inches) 

1 

6 

3      X    9H 

28 

10 

1 
8X8               .8X8 

6H 

3M  X    9H 

33 

62 

7 

3H  X  n 

38 

72 

10 

8  X  10                 8  X  10 

7H 

3H  X  12H 

44 

84 

1 

8 

SH'X  14 

50 

96 

12 

8  X  12                 8  X  12 

8H 

4X  14 

67 

108 

9 

4  X  16 

64 

120 

14 

10  X  12        ,        10  X  12 

9H 

4  X  18 

71 

134 

1 

1 

10 

4  X  20 

78 

142 

14 

12  X  12        ,        10  X  16 

lOH 

6  X  14H 

86 

168 

11 

6  X  16 

96 

176 

16 

12  X  15               12  X  15 

llH 

6X  17H 

104 

194 

1 

12 

6  X  19 

113 

204 

18 

14  X  16 

12  X  20 

12H 

6  X  20H 

122 

222 

13 

6X  22 

132 

242 

18 

14  X  18 

14  X  18 

13H 

8  X  18 

''       143 

264 

14 

8  X  19 

154 

276 

20 

16  X  18 

14  X  22 

14H 

8  X  20>i 

166 

298 

16 

8X  22 

176 

320 

24 

16  X  20 

16X  20 

16 

8  X  25 

201 

368 

24 

18  X  20 

16  X  24 

;i8 

10  X  26H 

264 

460 

24 

20  X  24 

18  X  27 

20 

12  X  26 

314 

664 

28 

1 

22  X  26 

20  X  30 

22 

14  X  27 

380 

686 

30            ' 

24  X  30 

24  X  30 

23 

14  X  29H 

415 

707 

30 

27  X  27 

24  X  32 

24 

14  X  32 

452 

770 

30            ' 

1 

t 

28  X  28 

24  X36 

(411  X  a)  B.t.u.  per  hr. 


All  hot  air  furnace  ratings  are  based  on  air  entering  at  0  deg.  F.  and  raised  to  180  deg.  F.  and  with  a  temperature 
entering  the  room  at  160  deg.  F.  in  sero  weather  with  the  room  at  70  deg.  F.     In  case  a  greater  air  supply  is  do- 
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Birable  for  ventilation,  the  entering  tempentuie  may  be  reduced,  ae  explained  under  fan  heating.     If  the  air  enters 
at  0  deg.  F.  and  is  heated  to  180  deg.  F.  and  the  diffusion  is  150  deg.  F.  —70  deg.  F.  i-  80  d^g.F. 

(180  deg.  -  Odeg.)  X  h 
(150  deg.  -  70  deg.) 


O 


00 


o  fl  5 


O    G 


SziS  ft 


0'*P      mm 

;?;<*  ft 


5    ..^ 


«  _  „^ 


SB 


III  I? 

•    O  w 


Pn 


H  - 


2.25  h  or  B.t.u.  loss. 


{si 


+ 


00  M  fH  t«  IC  i-i  O 

fH  CO  <<<  lO  t*  oa  o 


»  o  CO  a»  o  O  o 

•         •••••■ 

c>)  iQ  (o  00  C4  ■<«<  r« 


O  lO  ^  o  o  o  o 

•  •■■••• 

CO  «D  00  C9  lO  Oft  C4 
tH  rH  iH  04 


00  00  O  O  O  O  O 

•  •*■••• 

^  00  O  CD  1-1  lO  o 
•-I  fH  d   M   CO 


to    A    IH    ^    h»    0»    rH 

t-i  fH  O  04  CI  CI   CO 


go  Q  O  >C  O  O 
00  O  b-  O  >o  to 
•H  Oil  CO  "4*  lO  CD  h- 


C9   CO   O 


CO  CO  ^  ^  to  U) 

CO  co  CO  ^  ^  ^ 


I 


00  C4  CO  ^  t»  CO  o 

fH  d  CI  CO  CO  '^^  ■^ 


00  O  04   ^  CD  00  O 
«-l  01   04   O   04   01   CO 


04   ^   h-   04   CD   O   to 

iH    f-l    rH    04    04    CO    CO 


■^  »>.   04   CD   O   «0  O 
th   rH   O  C4   CO  CO  -^ 


h-  04   CD   O   >0   O   O 
ii  04   04   CO   CO   -^   O 


00   O   CI   ^   00   04   CD 
tH    tH    rl    rH    04    04 


O   04   ^  «   04    CD   O 
^   ^   ^   rH   CI   CI    CO 


CI    ■*   »>•   04    CD   O   »f» 
f-i   F4   iH   04   0)   CO   CO 


If  the  air  is  recirculated  or  raised  from  70  deg.  instead  of  0  deg., 
(180  deg.  -  70deg.  )X  h 


H 


(160  deg.  -  70  deg.) 

H  the  former  amount. 


1.375  A,  or  a  little  over 


If  the  furnace  uses  7500  B.t.u.  per  lb.,  of  the  12,000  B.t.u.  per  lb. 

available  from  the  fuel,  it  is -jg-^-  65%  efficient. 

For  air  entering  at  0  deg.  F.,  the  coal  consumed  per  hour  in 

2  25 
terms  of  B.t.u.  loss  is  j~^  A«>0.0003A  (pounds).  For  air  entering 


at  70  deg.F.  the  coal  consumed  per  hour  in  pounds  is 


1.375 


7500  *  " 
0.000 183A.     If  8  lb.  of  coal  are  burned  per  square  foot  of  grata 

area  per  hoiu-  in  extreme  weather,  the  grate  area  in  terms  of  B  t.u. 
0.0003^ 
-g        =  0.0000375A  sq.  ft.  for  air  entering  at  0  deg.F.,  and 


loss 


is- 


0.000183A 

~ — g -  0.000022gA  sq.  ft  for  air  entering  at  70  deg.  F. 

If  the  total  heat  losses  plus  25  %  for  a  building  are  say  120,000 
B.t.u.  perhr.  for  air  entering  at  0  deg.  F.,  the  coal  burned  i» 
120,000  X  0.0003  =  36  lb.  per  hr.  and  the  grate  area  is  120.000  X 
0.0000375  -  4.5  sq.  ft.;  for  air  entering  at  70  deg.  F.,  the  coal 
burned  is  120.000  X  0.000183  -  22  lb.  per  hr.  and  the  grate  area 
is  120,000  X  0.0000229  =  2.75  sq.  ft. 

Table  19,  by  R.  C.  Carpenter,  gives  the  velocities  per  square 
foot  of 'flue  with  50%  allowed  for  friction.  The  difference  in 
temperature  between  the  outside  air  and  that  in  the  flue, 
together  with  the  height,  determines  the  velocity.  The  cubio 
feet  of  air  required  per  minute  at  165  deg.  F.  average,  with  a 
density  of  0.0635  lb.  per  cu.  ft.,  a  specific  heat  of  0.24,  and  a 
diffusion  temperature  of  80  deg.  F.  will  be  in  terms  of  the  B.t.u. 
loss,  h. 

60  min.  X  0.0636  X  0.24  X  80**  "  <^<*137  h  cu.  ft.  per  fliin. 

Fk-om  Table  19  and  150  deg.  difference  between  flue  and 
outside,  we  have  for  first,  second,  and  third  floors 

First  floor 5  ft.  height 298  ft.  per  min. 

Second  floor 10  ft.  height 419  ft.  per  min. 

Third  floor 20  ft.  height 593  ft.  per  min. 

The  flue  areas  will  be 


First  floor 


0.0137A  X  144 
298 


«  0.0137A  X  0.483  -  0.0066A  sq.  in. 


0.01 37A  X  144 
Second  floor :rrx -  0.0137A  X  0.344  -  0.0047A  sq.  in. 


Third  floor 


419 

0.0137A  X  144 
593 


-  0.0137A  X  0.243  -  0.0033A  sq.  in. 


16(2.  Rules  Governing  Hot  Air  Fntiiaces. 

1.  An  offset  in  the  riser  pipe  is  equivalent  to  an 
addition  to  the  length  of  the  cellar  pipe  and  should  be 
counted  in  when  measuring  the  total  length  of  pipe. 

2.  When  the  warm  air  pipes  are  taken  from  the 
top  of  the  bonnet  of  the  heater,  the  tops  of  all  elbows 
should  be  on  a  level  so  the  flow  will  be  equal. 

3.  An  air  space  should  be  left  around  all  pipes 
passing  through  masonry  walls  so  that  the  pipe  will 
not  be  chilled. 

4.  All  pipes  should  have  dampers  close  to  the 
furnace. 
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Table  19. — Quantity  op  Air  dischabged  in  Cubic  Feet  Per  Minute  Through  a  Flub 

1  Sq.  Ft.  in  Sectional  Abba 

External  temperature  of  air  32  deg. — Friction  50%.     (By  R.  C.  Carpenter) 


Heiffbt 

of 

flue 

Ezcees  of  temperature  of  air  in 

flue  above  external  air 

(ft.) 

5  deg. 

10  deg. 

15  deg. 

20  deg. 

25  deg. 

30  deg. 

50  deg. 

100  deg. 

150  deg. 

1 

24 

34 

42 

48 

54 

59 

76 

108 

133 

5 

55 

76 

94 

109 

121 

134 

167 

242 

298 

10 

77 

108 

133 

153 

171 

188 

242 

342 

419 

15 

04 

133 

162 

188 

210 

230 

297 

419 

514 

20 

108 

153 

188 

217 

242 

265 

342 

484 

593 

25 

121 

171 

210 

242 

271 

297 

383 

541 

663 

30 

133 

188 

230 

265 

297 

325 

419 

593 

726 

35 

143 

203 

248 

286 

320 

351 

453 

640 

784 

40 

153 

217 

265 

306 

342 

375 

484 

684 

838 

45 

162 

230 

282 

325 

363 

398 

514 

724 

889. 

50 

171 

242 

297 

342 

383 

419 

541 

765 

937 

60 

188 

264 

325 

373 

420 

461 

594 

835 

1006 

70 

203 

286 

351 

405 

465 

497 

643 

900 

1115 

80 

217 

306 

375 

453 

485 

530 

688 

965 

1185 

90 

220 

324 

398 

460 

516 

564 

727 

1027 

1225 

100 

243 

342 

420 

485 

534 

594 

768 

1080 

1325 

125 

273 

383 

458 

542 

604 

662 

855 

1210 

1480 

150 

298 

420 

515      696 

1 

665 

730 

942 

1330 

1630 

6.  When  heating  rooms  on  the  cold  side  of  the  house  or  a  room  with  a  large  amount  of  glass, 
place  one  register  in  the  floor  as  near  as  possible  to  the  furnace  and  a  cold  air  register  face  in  the 
floor  under  or  near  the  window  and  connect  with  a  separate  pipe  to  bottom  of  casing,  thereby 
removing  cold  air  from  room  and  inducing  a  flow  of  warm  air. 

6.  Always  take  the  cold  air  supply  from  the  coldest  side  of  the  house — ^west,  northwest,  or 
north. 

7.  Cold  air  box  should  be  ^  the  total  area  of  the  warm  air  pipes.  When  recirculating  air 
it  should  be  equal  to  area  of  the  warm  air  pipes. 

8.  A  cold  air  pit  under  the  heater  should  never  be  more  than  14  in.  deep;  a  pier  in  the  center 
is  desirable  to  support  the  ash  pit.     With  more  than  one  air  opening,  place  a  partition  across. 

9.  Where  there  is  a  long  run  for  the  smoke  connection,  the  smoke  pipe  should  be  covered 
and  allowance  made  in  the  chimney  height,  or  the  flue  gases  will  be  chilled,  reducing  draft 
pressure  and  interfering  seriously  with  the  operation  of  the  plant.  The  chimney  should  be,  if 
possible,  inside  the  building  instead  of  outside.  Where  long  runs  of  smoke  pipe  occur,  use 
double  pipe  with  an  air  space. 

16.  Indirect  Heating  System. — ^The  indirect  heating  system  is  a  combination  system  in 
which  steam  or  hot  water  is  .employed  to  heat  pipe  coils  or  radiators  over  which  air  is  circu- 
lated or  blown  and  transmitted  through  ducts  to  the  various  rooms  of  a  building.  There  are  two 
methods  of  producing  circulation,  one  by  gravity  and  one  with  blowers.  Gravity  indirect 
S3rstems  are  so  uncertain  that,  except  for  house  heating  purposes,  they  are  becoming  obsolete. 
On  the  other  hand,  electric  current  is  so  easy  of  access  and  low  priced,  that  when  hot  air  heating 
is  desired,  it  is  far  more  satisfactory  and  the  operation  is  more  certain  if  a  fan  and  motor  are 
used  to  force  the  air  through  the  coils  and  ducts.  The  cost  of  the  system  is  thereby  largely 
reduced  and  less  space  is  required. 

Indirect  radiators  are  built  of  pipes  or  cast-iron  sections,  and  in  stacks  for  heating  individual 
flues.  Except  when  very  high  pressure  steam  is  required,  the  use  of  **  Vento"  catt-iron  radia^ 
toiB  is  superseding  the  use  of  pipe  coils  to  a  greater  and  greater  extent.  Both  the  size  of  a  pipe 
coil  stack  and  the  number  of  sections  in  a  cast-iron  indirect  radiator  depend  upon  the  volume 
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of  air  to  be  passed  through  it.  Stacks  are  arranged  in  series,  in  parallel,  or  in  BerieB-parallel. 
all  depending  on  the  desired  increase  in  air  temperature,  the  volume  of  air  to  be  heated,  and  the 
pattern  of  the  radiator  itself. 

If  the  Tolume  of  ^  to  be  heated  la  kduII,  fti  in  houaa  heaiuic.  the  problem  of  deai(Dina  And  aeleetuic  indirect 
ndikton  is  BimpliSed,  for  oflaD  one  ndiator.  one  ■tnok  deep,  it  sufficient  to  take  can  of  the  volume  of  air.  Pi(.  18 
■howB  •  typinil  cnit-iion  icdirect  radiator  tuTsiiEed  to  take  airfrom  out  of  doon  and  diarharcc It  br  cnvity  throuch 
ft  flue  into  a  room.  Tbcue  radiaton  are  nometimea  airansed  lo  that  all  or  part  of  the  air  i«  paned  tluou^  orby- 
jmri  around  Ibeatoek.  with  two  dampen  workinsia  coDJunetion  in  such  a  manner  that  the  air  may  be  tempered 
and  mixed  at  will.     The  dampen  may  bo  opentod  by  hand  or  with  a  thermoetat. 

I(  the  volume  of  air  to  be  bcatod  ia  larie,  the  problem  ia  lomewhat  more  involvad,  due  to  the  Urce  number  of 
\-ariablee.     All  indin-ct  bating  problema,  however,  are  aolved  in  abnut  the  aame  (eneral  manner,  whether  the 
volume  of  detivend  air  i«  Inrie  or  amall.     I(  the  volume  ia  large,  the  radiatorB 
I  may  either  be  made  Urcer  or  a  number  of  them  may  be  placed  in  panllel,  or 

both,  to  inonaae  the  area  turoufh  which  the  nii  passes,  known  as  the  tree  area. 
If  the  outside  temperature  is  tow.  the  amount  of  heatinc  aurfaoe  per  aquare  f  wt 
offree  area  must  be  Increased,  either  by  placing  the  stacks  in  aeriee,  or  by 
Kleotioi  one  stack  whose  particular  design  gives  the  Deeessary  amount  of 
heating  aurface  per  square  loot  of  free  area. 

The  amount  of  faaat  to  be  delivered  in  the  air  in  the  roomsis  the  product  o( 

the  volume,  the  rise  in  tempenture,  and  the  specific  beat  at  the  sir,  but  unoe 

the  volume  and  tempenture  rise  depend  on  the  square  feet  of  heating  surface 

per  aquan  foot  of  free  area,   ^    -  /,  and  the  veloeity  of  the  air,  the  beat  to 

be  delivered  also  depends  on  the  ntes,  -r  "  /•  ■"■l  *^  velooit]'  of  the  air,  iV 

Dtdng  the  number  of  atackain  seiiea.     II  a  velocity  is  assumed,  and  the  temper- 

1?        TD      1  J  .„.    I,    .■  ■'""  ""«•■  '•"P^ature  conditions,  and  volume  of  air  an  known,  the  value 

»t*ck'ind  hot  ait'flSVfor  Mel's       of  /  tor  those  condiUoni  may  be  computed  from  equation  0  or  7.  Art.  1».  and 

or  water.  a  atack  of  a  certain  pattern  or  a  number  of  stacks  in  seriea  ol  ■  certain  pattern 

may  be  eeteoted  tram  Table  20.     (Bee  Art.  IBa  tor  method  of  computing  the 

volume  oI  air  necessary.)      After  the  pattern  of  lUck  and   the  number  of  atacka  in  series  an  selected,  it  is 

necessary  from  the  volume  and  the  veloeity  to  compute  the  free  area  from  A  -y     Following  this,  with  valuee 

of  the  tree  ana  A.  and  the  ntlo/(Table  20),  the  total  heating  surface  may 

value  ol  JVs  thus  computed  should  agree  with  the  value  of  S  computed  Inm  & 

transmission  factor  X  ia  defined  in  Art:  1  Si.     <B,  -  «.)  ia  the  mean  temperaturediKennce  between  thesteam  and 

air  and  is  computed  from  £q.  3,  Art.  166. 

With  the  total  heaUng  surface,  the  beating  surfaoe  pet  section,  and  the  number  of  staoka  in  series,  the  total 

number  of  sections  and  the  number  of  sections  per  stack  may  be  computed.     (See  illuatntive  problem  in  Art.  I6c.) 

Where  the  radiaton  an  in  seriee,  and  N  is  used  to  denote  the  number  of  atacks,  it  is  easily  tixn  that  the  heaUng 

<  7  -  y-    The  above  considentioaa  assume  that  all  tlie 

sections  to  satisfy  the  besting  demand,  it  may  be  cut  in  two  or  more  pieces  making  two  or  raoreradistors  in  panllel; 
ID  Other  wurds.  two  or  more  stacks  in  parallel.  In  that  case.  N  —  I  the  same  as  befon.  N  only  referring  lo  the 
number  of  stacks  deep  or  the  number  of  stacks  in  seriea.  The  quanity  >  ia  the  surface  of  all  the'radiaton  in 
any  one  row  in  parallel. 

16a.  Ventilation  with  Indirect  Heating. — Care  should  be  taken  in  aflwuming  b 

temperaturcat  which  the  air  ia  to  enter.  ^  Thebeattemperaturetoaaeumedependson  the  desired 
number  of  air  changes  in  the  room  per  hoiir  and  varies  between  being  too  cool  to  be  effective 
and  too  hot  for  comfort.  The  number  of  air  changes  per  hour,  neglecting  infiltration,  is  the 
volume  of  air  necessary  to  Curoish  the  B.t.u.  losses  divided  by  the  cubic  contents  of  the  room. 
If,  by  trial,  certain  temperature  assumptions  give  too  great  or  too  little  air  change,  new  assump- 
tions will  have  to  be  made  before  slartii^  the  design  of  appropriate  stacks. 


«  the  air  leaves  the  room  through  1 

,■  to  supply  the  heat  losaca;  in  fact, 

,  the  enact  amount  to  be  futniahed  is  thst  lost  in  the  ducts,  that  used  to 

lost  to  the  outside  aUnoephere  through  the  vents.     For  example,  if  tbe 

B  air  leaving  the  radiator  at  12B  dcg.  F..  the  lemporatuie  drop  ia  the  duoU 

F.,  the  temperature  of  the  air  em 

Sec  l-16a] 
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Table  20. — Data  on  Ttpbs  op  Cabt-Iron  Indirect  Radiators 


Pattern 


Perfection  Pin. 


RegulAT  wctton  Vento. 


9H  in.  wide. 


Heating 

Width 

surface 

of  each 

Spae- 

Length 

Height 

per 

radiator 

ini^ 

(in.) 

an.) 

section 

in 

c.  to  0. 

(sq.  ft.) 

stack 

(in.) 

S 

(in.) 

Net  free 

area 

(sq.  ft. 

per  section) 

A 


Excelsior  standard. 
Sanitary  school  pin 

Sterling 

Cardinal 

Narrow  Vento 

6^^  in.  wide 


36K 
36K 
36K 
36H 
36 

36 
36H 


36K 

37K 

40 
40 
40 


50 
50 
50 

60 
60 
60 

30 
30 
30 
30 

40 
40 
40 
40 

50 
50 

50 

60 
60 
60 

72 
72 
72 


10 
10 
14 
14 
14 

8 
15K 


IS^i 
IIH 


41 


51 


eoM 


30 


41 


50»Hs 


60^ 


72 


10.0 
10.0 
15.0 
15.0 
12.0 

12.0 

20.0 
20.0 

20.0 

15.0 

7.5 

7.6 

•7.6 

9.5 
9.5 
9.5 

11.0 
11.0 
11.0 

8.0 
8.0 
8.0 
8.0 

10.75 
10.75 
10.75 
10.75 

13.5 
13.5 

13.5 

16.0 
16.0 
16.0 

19.0 
19.0 
19.0 


2^ 

2% 
2^ 
3« 

3M 

4 
4 

3H 
•3H 

3H 


3H 


3K 


3H 


3)^ 


3H 


3H 


3M 


2« 
2H 
2« 

ZH 

3« 

4 
4H6 

3H 
3H 

4H 

5 

5H 

4« 

5 

6« 

4H 

5 

6H 

4 

5 

5H 

4 

4J^ 

5 

*H 
5 

6H 
5 

4M 

5 

W 


0.1965 

0.225 

0.1965 

0.225 

0.355 

0.296 

0.45 
0.494 

0.3 

0.278 

0.525 

0.62 

0.729 

0.65 

0.768 

0.905 

0.781 
0.921 
1.085 

0.225 
0.390 
0.46 
0.542 

0.35 
0.525 
0.62 
0.729 


0. 
0. 


65 
7.68 


0.905 


0. 
0. 
1. 


781 
921 
086 


0.937 
1.104 
1.303 


Sq.  ft.  sur- 
face per  sq. 
net  area  CT) 


50.9 
44.4 

76.34 
66.66 
33.8 

40.54 

44.4 

40.5 

66.6 

54.0 

14.28 
12.10 
10.29 

14.61 
12.37 
10.5 

14.1 

11.94 

10.14 

35.6 
20.5 
17.4 
14.76 

30.71 
20.48 
17.34 
14.75 

20.77 
17.58  . 

14.92 

20.5 

17.38 

14.76 

20.28 
17.21 
14.58 


Friction 

(lb.  per  sq. 

ft.    per 

150-ft. 

velocity     per 

min.    I   sUek 

deep) 


0.0187 
0.0166 
0.0270 
0.0230 
0.154 

0.013 

0.0134 
0.0123 

0.0203 

0.01574 

0.00616 
0.00575 
0.00622 

0.00616 
0.00575 
0.00522 

0.00616 
0.00675 
0.00522 

0.0133 
0.0077 
0.00726 
0.00638 

0.0115 
0.0077 
0.00726 
0.00638 

0.0077 
0.0<y726 

0.00638 

0.0077 

0.00726 

0.00638 

0.0077 

0.00726 

0.00638 


Por  frietion  in  lb.  per  sq.  ft.  for  any  velocity,  divide  by  160,  square  the  result,  and  multiply  by  quantity  in  last 
oolnmn.     For  inches  of  water,  multiply  this  result  by  0.1925. 
Multiply  by  number  of  stacks  deep  for  total  friction. 
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tmlio  ot  totkl  beat  to  the  luelul  heat  ia  the  urnie  u  the  ratio  of  the  tempentiue  diflerencca;  thu,  uaiiia  the  tbDva 

pera  ure  an  Total  heat        (lZBdB«. lOdet.)       138 

UhIu]  beat  '     (120  dea.  -  TO  def.)     ~  60 
B.  t.  u.  loaia  X  13S 

or  total  neat  requitwt  -  Tg— — 

Asain.  iuiii<  theae  aame  temperature  conditioua.  the  arera«e  wBi(ht  of  air  per  cu.  (t.  -  O.OTG  (Table  3)  and  the 
apaoific  heat  •■  D.24,  the  required  Yolume  of  air  in  cubic  (eel  ii 

Uefful  heat  total  heat  required 

D.OTi  X  0^21  X  SO  **  0.075  X  OM  X  13S 

Hh.  Heat  Ginm  Vf  bj  Indirect  Radiatora.' — The  heat  trBaaniitted  by  indirect  radUtora  dependa 

on  twothlnga:  the  tTanguiiaeiDn  [actor  K.ajid  the  mean  temperature  difference  between  the  Suida,  in  thie  can  either 

atnm  and  air  or  hot  water  and  air.     The  tranamiiaion  factor  JC  ia  the  number  of  B.t.u.  per  aquare  foot  of  beatins 

aurface  per  bour  per  degree  o(  meau  temperature  dilerence  between  the  fluida.     It  variea  ool;  with  the  velodty 


V 


9' 


Diagratn  i  (ivee  valuea  ol  K  Ira  varioua  fclocitice.     The  writer  hae  auumed  that  a 
kt  the  relation  would  hold  true  whether  the  air  oaa  circulated  by  cravity  or  by  Ian. 


tm  —  average  mean  temperature  of  the  air, 

$t  H  final  temperature  of  air. 
The  Naperiau  logarithm  -  2.0325  timea  the  commoii  logarithm. 
Diagram  a  gives  valuce  of  (),  -~  »m)  (or  varioui  temperatuie  ronditiona.     Let 

V  -  velocity  of  air  in  feet  per  ininute.  meuured  at  TO  deg.  F. 
a  -  total  area  of  heating  aurfare  in  aquaie  feet. 
Q-  AV  -  flow  in  cubic  feet  per  minute  meaeuied  at  TO  deg.  F. 
Cp  —  epeciBc  heat  of  air  at  coDetant  preeaure  ~  D.24. 
d  -  denaity  of  air  at  TO  deg.  F.  -  O.QTS  (Table  3). 
K  —  tranamieaion  factor. 
>  Fonnolae  given  were  deduced  from  eiperimenta  by  F.  L.  Buaay  and  W.  H.  Carrier  and  are  coniidered 
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The  weight  of  air  flowing  in  pounds  per  hour  -^  60  A  Vd. 

The  total  heat  radiated  in  B.t.u.  per  hour  »  KS  (9«  —  Bm). 

The  heat  delivered  by  the  air  in  B.fcu.  per  hour  -  GO  AVd  X  Cp{9t  -  tfi). 

The  total  heat  radiated  equab  the  heat  delivered  by  the  air: 

KS{e,  -  9m)  -  60ilFdC,(*i  -  fc) 

from    which 

&QAVdCp(fit-  9i) 

Substituting  Eq.  (1)  for  Vento  or  Eq.  (2)  for  pipe  coils  and  Eq.  (3)  for  {B,  —  tf*),  we  have  the  heating  surface  for 
cast-iron  heaters 

5  -■  A(0.1176K  +  152.5)  log   (^Z^  <-*> 

and  for  pipe  coils 

5  -  A(0.1118r  +  127)  log  (^EJi)  ^fi> 

Substituting  5  »  M  (From  /  -  -r  «  ~T)*^^  oast-iron  heaters 

/  -  (0.11767  +  162.5)  log  (^r|;)  (6) 

and  for  pipe  coils 

/  -  (0.11187  +  127)  log  (^rf;)  (7) 

Diagram  6  gives  values  of  /  for  various  temperature  conditions. 

16c:  Illustrative  Problem. — Design  a  heater  to  furnish  heat  to  room  1,  second  floor.  Fig.  7,  p.  1004. 
From  Table  13,  total  heat  loss  •■  06,430  B.t.u.  per  hr.,  cubic  contents  »  34,272  cu.  ft.,  and  air  changes  due  to 
infiltration  »  0.376  per  hr. 

Temperature  of  steam  "i  220  deg.  F. 

Assume  Temperature  of  atmosphere  ■■  —  lO  deg.  F. 

Temperature  of  air  leaving  heater  ■■  125  deg.  F. 
Temperature  drop  in  ducts  ^  6  deg.  F. 

Temperature  of  air  entering  room  «  120  deg.  F. 
Temperature  of  air  in  room  *  70  deg.  F. 

«,      ,  .^     .          .J       06,430  (126  -  10)       «^^  ,^  « .  . 

Total  heat  required  ■• (i20  -  70) —    "  ^^'^^  B.t.u.  per  hr. 

..  •  .    .  260,360  ,__  _  __         .^  , 

volume  of  air  necessary  —  n  075  X  0  24  X  135  "  ^"' '^^  *"*•  "•  P**  "'• 

Air  changes  -    q.*272  "'"  ^'876  ■•  8.12  +  0.375  ^  3.5  per  hr. 

This  is  good  ventilation,  therefore  the  temperature  conditions  were  well  chosen  for  outside  air  at  — 10  deg.  F.  By 
inspection,  it  will  be  seen  that  if  the  temperature  of  the  atmosphere  rises,'it  ^viU  reduce  the  number  of  air  changes, 
unless  tempering  dampers  and  a  by-pass  for  cold  air  are  employed. 

The  next  step  in  the  problem  is  to  decide  whether  pipe  coils  or  cast-iron  heaters  will  be  used,     first  we  will 
choose  to  use  "  Vento"  cast-iron  heaters.     A  velocity  of  160  ft.  per  min.  from  Diagram  5  gives  a  value  of  A*  -  2.20; 

lOT  1  iiO 

Diagram  6  gives  a  value  of  {9,  -  9m)  "  152.0;  and  the  free  area  is  ^J-iui  "  ^^  ^'  '^*     ^'  ^^  heating  surf  ace  is 
260,360  B.  t.  u.  per  hr.       _«.        ,.     ..       .,        ^.    ^      779       ^_      _         «     -    *  .    ,-. 
2  20  X  152  0 "  ^'      •  '*      -^  "^  ~12   "  ®*'     F'O"*  Eq.  6,  Art.  166. 

/220 IOn 

/  -  (0.1176  X  160  +  152.6)  log  (  220  -  125  )  "  ^'^ 

Values  of  /  may  also  be  read  directly  from  Diagram  6.     Start  with  a  value  of  tf«  —  tfai  •■  230,  follow  dotted 
line  in  direction  of  arrow  up  to  curve  of  9«  —  9s  —  95,  follow  dotted  line  to  the  right  to  the  cast-iron  radiator.dia- 

gram  to  where  the  velocity  »  I6O  ft.  i>er  min.,  and  on  the  scale  directly  above,  read  the  value  of  /  *  65.1. 

N 
These  two  values  of  /  agree  very  well,  so  we  can  assume  /  »  66.2.     Iiet  /'"->"■  sq.  ft.  of  surface  p6r  sq.  ft. 

free  area  per  stack.  Then,  when  A'  =  1,  /'  -  65.2;  JV  -  2.  /'  -  32,6;  ^'  -  3,  /'  *  21.7;  AT  -  4,  /'  -  16.3;  and 
^  «  5,  /^  »  13.0.     The  nu  nber  of  stacks  may  be  varied  at  will  by  selecting  a  radiator  of  appropriate  design  from 

Table  20.     Values  of  /  are  given  for  each  type  of  radiator. 

65  1 
In  this  case,  we  will  assume  4  sUcks  deep.     Then/'  =  -^  -  16.3.     From  Table  20,  a  regular  section  "  Vento" 

9M  in.  wide,  72  in.  high.  6  in.  c.  to  c.  and  with  10  sq.  ft.  of  heating  surface  per  section,  has  a  value  of  /'  ->  17.2. 
making  /  -  17.2  X  .V  =  68.8.  or  a  little  above  the  requirements.  The  total  number  of  sections  in  the  first  stack, 
or  the  first  row  of  staclES  as  the  case  may  be,  is 

12  sq.  ft.  free  area  «  100  11       ti 

1 .  104  sq.  ft.  free  area  per  stack  ""      *  ~*     ^ 

The  total  number  of  sections  then  is  11  X  4  -  44,  and  the  total  heating  surface  is  44  X  19  «  836  sq.  ft.,  orsome>- 
what  more  than  the  780  sq.  ft.  required. 

The  width  of  the  air  spaces  should  be  a  governing  factor  in  selecting  a  iyp^  of  section  for  indirect  gravity 
heating,  as  the  air  is  liable  to  pass  without  being  heated  if  the  sections  are  too  far  apart.     The  previous  selection  of 
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n  72-ia.  Vgnto  wonld  prove  bulky  and  «iau>derilifficuit  ec 


compu-BlJvely  trom  TaMe  20,  u  w 


TypeolMcUoM 

Tiefi 

1 

S<|.  ft. 

Fm 
•eition 

Total 

W. 

Frirtion 

(lb.pM 

XdBptb 

ra-to.  Vento 

6 
3>i 

Z 

lT-21  X  * 
30.71  X2 
6S.M 

69.08 

19,0 
10.76 

o!3S 

0.3 

M 

83S0 

810.0 

0.023 

0,023 

6'y4'T"XS'<" 
3'«"X  12- 4"  XI' 8" 
3' X  13- X  1-3" 
3'X  ll5i'X  1'*" 
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UBS  sdjiut«d  b; 


0  refialen 


Note  thu  UK  40  in.  Vinto  ii 

Dukini  (he  aiH  alislitlir  greHtl 

Tcloeitia  will  be  mlued.  Tbi  DMthad  of  dfterminiag  the  r« 
Tclooity  ia  u  follnn:  Aagutne  lor  encl^Bus  ■  boriioalsl  duct  30  (t. 
Elbowi  with  ■  radiiu  of  H  tbe  depth,  ■  flue  (emperatizre  of  12S  deg,,  I 
with  79%  of  the  flue  velocity  and  an  effective  height  of  20  It. 

The  cubic  [eel  of  aji  required  per  hour  ia  170,150  or  2S20  cu.  ft.  per  minute,  llie 
available  pnwure  for  126  deg.  and  20  fl.  heisht  (Tsble  26)  ia  0.2B7  lb.  per  aq.  ft 
Aaautne  300-ft.  per  min.  flue  velocity  vitb  3  fluca  ol  3  aq.  ft.  »ch.  aay'lZ  in.  deep. 
From  Table  27.  3  aq.  ft.  with  0.0045  !h.  per  aq.  ft.  drop  ia  10  ft.  will  give  042  su.  ft. 
per  min.  AMuming  a  leDgth  of  30  ft.  in  the  cold  air  duct  and  3  elbowa  with  a 
nuiiua  of  H  the  depth,  we  will  requin  30  ft.  additional  of  pipe  ar  30  +  90  +  20 
-  140  ft. 

Tb*  ratio  of  tbe  aides  beioc  3X1.  the  actual  friction  will  be  far  each  unit  Qua 
l^pefrietioa  14  X  1.18  X  O.0O45  -     0.0743  lb.  per  aq.  ft.  (Tables  27,  30) 

Velocity  ^mA  0.07B  -^  -    : 


Indiivct  stack  aterlinc 


64.32 
1.2B  X  <0.7B)'  ) 


-1.280 


Fia.  19.— Cnit  tan  heatw. 


there 

ia  wnple  pover  to  oTercome  rcttaianoe  at  the  aaaumed  velocitieg.           '  Sturtevant  Co. 

lh«Ve 

Dto  ataek  4  deep  hae  loo  great  mistauce  when  the  outaide  lem- 

penture  rcachia  SO  lo  86  deg.   for  the  difference  between  tbe  flue  and  ouUide. 

The  available  preaaure  then  ia  0.18  ib.  per  k).  ft.  (Table  26). 

Tha  ateam   nec«*ary  at  220  deg-  P.  -  -^f  ^  -  270  lb.  per  hr.      Whore  the 

velodtica  are  high,  eay  around  1200ft.  per  min.,»hen  fanaare  uaed,  then  propor- 

Uona  of  heateri  change;  the  number  of  atacka  ia  increaMd  and  tha  aectiDiia  per 

■task  are  deoreased. 

There  ia  very  Utile  data  on  indirect  healing  with  low  ateam  lomperaturw  or 

.withhotwaterbutiliadifficulttoroiM  tbe  temperature  of  the  air  with  only  one 

atack  deep.     There  ie  do  good  reoaon  or  advantage  in  uaing  indirect  hot  water,  ai, 

with  the  eircuUted  air.  a  eonatant  ateam  temperature  nay  be  uoed,  varying  th« 

only  with  higher  velocitiea.     An  example  ia  given  in  Art.   16d. 

16d.  Unit  Fan  Heaters. — Fige.  19  and  20  show  a  rather 
recent  innovation  called  unit  fan  heaters.  These  are  set  near  the 
floor  with  a  disc  fan  and  motor  to  circulate  the  air  in  shops  and  fac- 
tories. They  give  a  very  effective  distribution  without  ducts  and  the 
horaepower  of  the  fans  is  only  1  to  IM  hp.  or  less,  per  unit.  One 
unit  may  handle  50,000  or  60,000  cu.  ft"  of  air  per  min.,  and  they 
may  be  connected  with  a  hot  water  or  steam  sytitem  of  distribution, 
thus  doin;;  away  with  direct  radiation.  The  type  shown  ia  not  suitable 
Fid.  20.— Unit  fan  tnater,  for  hot  wate'',  but  they  may  be  made  up  of  a  fan,  casing,  and  a  num- 
ber of  sections  of  short  Vento  placed  about  6  ft.  from  the  floor  level. 
IT.  Other  Systems  of  Hestug. 

17a.*  Vacuum  Steam  Heating. — A  vacuum  system  may  be  applied  to  any  steam 
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heating  plant  by  placing  thermostatic  traps  on  all  radiators  and  drip  connections  between  the 
supply  mains  and  returns  so  the  piping  handling  steam  will  be  entirely  separated  from  that 
taking  care  of  the  condeosatioa,  except  through  the  Ihennostatic  traps  which  are  all  designed  to 
allow  air  or  water  to  paS8  but  to  hold  the  steam.  The  system  commonly  takes  the  name  from 
the  name  of  the  trap;  the  moat  common  are  Dunham  (Fif;.  20A),  Warren  Webster,  Mcl^ear, 
Hoffman  and  Marsh. 

The  returns  ore  all  brought  to  a  central  point  where  there  is  a  power  vacuum  pump  operated 
by  steam  or  electricity  to  mechanically  remove  the  air  and  water  from  the  system.  The  dis- 
charge of  this  pump  leads  to  an  air  separating  tank  or  receiver  from  which  the  water  is  pum  ped 
back  to  the  boiler  by  the  feed  pump. 

1Tb.  Air  Line  Vscuum  Systsms. — A  modification  of  the  vaccuum  return  system 
is  the  vacuum  wr  line  system  used  e^icluHively  in  conltection  with  single  pipe  steam.  The 
vacuum  system  proper  has  the  tkermosiaiie  trap  at  the  return  of  radiator,  and  air  and  condensa- 
tion are  removed  through  the  return  requiring  no  air  valve  on  the  radiator.  Special  ajr  valves 
on  the  principle  of  the  Iheniwstatic  trap  are  attached  to  the  radiatore,  which  allow  air  to  pass 
but  no  water  or  steam.  These  are  connected  together  with  ^-in.  pipe  to  a  ^  or  1-in.  main 
and  led  to  the  basement  to  a  drain  or  sink.  This  obviates  the  nuisance  of  air  valves  with  their 
smells  and  leaks.  An  ejector  or  other  mechanical  apparatus 
for  air  removal  maybe  usedon  the  end  of  the  line  if  desired 


Fia.   MA, — Dunham  ndiktor  tnp. 

Vie.  Vapor  Systems. — Vapor  systems  ore  practically  the  same  as  vacuum,  systems 
with  the  mechanical  air  removal  omitted.  The  same  valves  and  traps  are  used.  The  air  is 
exhauBted  by  a  large  vent  on  the  end  of  supply  and  return  mains  by  means  of  initially  raising  the 
pressure  on  the  boiler.  After  removing  the  air,  the  vent  on  the  end  of  the  main  automatically 
seals  and  if  the  system  can  be  kept  air-tight,  the  steam  will  circulate  somewhat  below 
atmospheric  pressure. 
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lT<f.  Donnelly  Positive  Differential  System.^The  positive  differential  system 
consists  of  the  following  essential  parts:  (1)  a  throttling  valve  for  admitting  the  desired  amount 
of  steam  to  the  radiators,  (2)  an  impulse  valve  on  the  outlet  of  each  radiator,  (3)  a  positive 
differential  valve  located  at  each  return  riser  for  maintaining  a  standard  difference  in  pressure 
between  the  steam  supply  and  return  risers. 
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If  the  engine  were  exhausting  at  H-lh.  back  preasare,  which  would  be  the  preeeure  in  the  supply  riser  and  in 
the  radiators  when  turned  on  full,  the  valve  on  the  radiator  would  be  set  at  H  ib.  to  reduce  the  steam  pressure  to 
sero  while  allowing  the  discharge  of  water  by  gravity  through  the  valve.  The  differential  valves  in  the  branch 
return  are  weighted  to  about  5  lb.  per  sq.  in.  (area  of  the  valve  seat)  which  permits  a  vacuum  as  high  as  10  in. 
to  be  carried  on  the  main  return. 

17e.  Vacuum  Exhaust  Steam  Heating. — Where  exhaust  steam  is  utilized  or  where 
high  pressfure  steam  is  reduced,  a  reducing  pressure  valve  is  required  which  opens  and  closes, 
governing  the  supply  of  steam  automatically  with  the  demand.  This  is  composed  of  a 
diaphragm  and  spring  which  with  the  valve  seat  establishes  an  equilibrium  so  that  a  constant 
pressure  is  maintained  on  the  low  side.  By-pass  valves  are  essential  so  repairs  may  be  made 
and  operation  maintained.  A  back  pressure  valve  is  required  so  if  the  engine  supplies  more 
steam  than  necessary,  the  pressure  in  the  heating  main  will  open  the  valve  to  the  atmosphere 
and  relieve  the  system.  The  back  pressure  valve  also  prevents  air  entering  the  system.  These 
two  pieces  of  apparatus  keep  the  pressure  constant  in  the  mains,  an  essential  point  in  proper 
operation  and  results. 

Vacuum  systems  are  used  where  the  exHaust  steam  is  circulated  at  very  low  pressures  in  connection  with 
its  utilisation  from  non-condensing  steam  engines.  There  is  undoubtedly  economy  in  the  mechanical  removal 
of  air  from  any  steam  system.  Much  is  claimed  for  vacuum  systems,  but  except  for  removal  of  air,  they  are  like 
any  other  steam  systems.  The  vacuum  in  the  returns  cannot  reach  the  steam  in  the  radiators  or  mains  due  to  the 
trap.  If  higher  vacuum  than  corresponds  with  the  return  water  temperature  is  carried,  cold  water  must  be  in- 
jected bade  of  the  vacuum  pump  to  reduce  the  temperature,  or  the  condensation,  being  at  a  higher  temperature 
than  the  boiling  point  at  that  pressure,  vaporises  into  steam.  From  the  above  it  will  be  seen  that  a  vacuum  system 
can  produce  no  pressure  below  atmospheric  on  an  engine  or  turbine  at  the  exhaust  outlet.  The  best  results  are 
obtained  when  about  2  or  3  in.  of  vacuum  are  maintained  on  the  retufn  of  the  radiators  or  just  enough  to  assure 
the  rapid  removal  of  the  air  leakage  and  condensation. 

17/.  High  Pressure  Steam. — When  high  pressure  live  steam  is  used  for  heating 
up  to  20  lb.,  the  water  may  be  returned  to  the  boiler  by  a  return  trap,  a  tilting  tank  that  alter- 
nately connects  the  tank  with  the  system,  filling  with  water,  and  then  by  its  added  weight  due 
to  the  condensation,  tilting  and  connecting  with  the  higher  pressure  steam  in  the  boiler.  As 
the  tank  is  placed  above  the  water  line  with  checks  to  temporarily  shut  off  the  heating  system, 
the  water  seeks  its  level  in  the  boiler.  When  empty,  the  tank  tilts  back  and  an  air  valve  re- 
lieves the  residual  pressure,  shutting  off  the  boiler  steam.  The  pressure  in  the  heating  system 
forces  in  another  charge  and  the  operation  is  repeated. 

The  same  arrangement  may  be  used  for  kitchen  fixtures  and  high  pressure  drips  on  power  plants,  returning  the 
condensation  direct  to  a  high  pressure  boiler.     The  circuit  being  sealed,  it  is  very  economical. 

17^.  Hot  Water  Heating  in  Connection  with  Condensing  Reciprocating  En- 
gines.— ^It  is  possible  to  operate  a  hot  water  heating  system  with  partial  vacuum  on  a  recipro- 
cating engine  but  the  range  in  vacuum  and  steam  rate  is  not  very  great,  due  to  the  necessary 
changes  in  compression.  The  valves  have  to  be  set  differently  for  condensing  and  for  non- 
condensing.  There  are  engines  provided  with  facilities  so  the  valve  rods  may  be  cha  nged  quickly 
but  there  has  been  serious  objection  to  this  practice.  The  best  method  is  to  operate  the  engine 
on  say  10  to  26  in.  of  vacuum  and  use  additional  live  steam  for  the  remainder  of  the  heating 
requirements. 

Engines  for  this  purpose  should  not  have  too  large  a  ratio  of  cylinders  as  they  are  apt 
to  be  unable  to  carry  the  load  on  reduced  vacuum;  thus  economy  has  to  be  sacrificed  in 
summer  due  to  engine  design  in  order  to  utilize  exhaust  steam  in  winter. 

Many  cases  have  arisen  where  steam  has  been  tapped  from  the  receiver  between  the  high  and  low  pressure 
cylinders.  This  will  give  good  results  if  the  engine  is  not  too  heavily  loaded  but  just  as  soon  as  the  receiver  pressure 
drops,  the  interference  is  serious.  There  have  been  cases  where  reducing  valve  connections  have  been  made  to  the 
receiver  to  help  out  the  heavy  intermittent  draft  for  other  purposes.  It  is  obvious  that  this  steam  should  be  taken 
direct  rather  than  by  this  method;  the  amount  of  Bteam  generally  that  can  be  bled  at  this  point  is  about  the  dif- 
ference in  steam  rate  between  non-condensing  and  full  vacuum,  or  about  25%  of  the  engine's  minimum  full  load 
requirements.     The  Bleeder  turbine  exhausting  steam  from  between  the  stages  involves  the  same  principles. 

17/i.  Combined  Heating  and  Power. — It  is  generally  admitted  that  when  current 
may  be  purchased  at  rates  below  1.5  c.  per  kilowatt-hour,  that  exhaust  steam  heating  combined 
with  power  generation  is  questionable  as  a  paying  investment. 
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The  heating  system  is  a  dissipator  of  heat  and  no  steam  engine  utilizes  more  than  15% 
of  the  heat  of  the  fuel  for  actual  power,  the  balance  being  discharged  into  a  lake  or  pond  in  the 
process  of  producing  a  low  terminal  pressure  and  high  vacuum. 

Reciprocating  engines  for  electric  power  generaton  due  to  low  speed,  space  required,  and 
costliness,  are  being  rapidly  displaced  by  the  small  turbo-generator  with  high  speed  and  vac- 
uum although  this  machine  is  exceedingly  uneconomical  under  non-condensing  operation. 

Heating  is  required  about  8  months  of  the  year  and  while  exhaust  steam  heating  would 
prove  profitable  during  that  period,  additional  condensing  equipment  would  be  required  for 
summer  operation  to  maintain  the  economy  and  prevent  the  loss  in  summer  of  the  saving  in 
winter. 

The  requirements  of  an  economical  combined  heating  and  power  generating  system  may  be 
stated  as  follows: 

(1)  Power  cannot  be  generated  under  non-condenaing  oonditiona  in  competition  with  the  puUio  aervioe  plant 
with  either  reciprocating  engines  or  turbines,  due  to  the  constant  steam  power  rate. 

(2)  In  all  oases  the  engine  must  of  necessity  deliver  its  full  rated  power  load  whether  there  is  a  heat  balance  or 
not. 

(3)  This'  means  an  almost  constant  quantity  of  exhaust  steam  due  to  the  fixed  terminal  pressure  at  which  it 
must  be  used  on  any  steam  system. 

(4)  The  heating  and  power  can  only  balance  at  one  outside  temperature  as  the  heating  requirements  will  vary 
from  100  %  in  sero  weather  to  less  than  50  %  in  moderate  weather.  Live  steam  will  be  required  in  colder  periods 
and  steam  will  be  wasted  to  the  atmosphere  during  the  warmer  periods.  Therefore  a  variable  steam  rate 
for  power  is  required  to  balance  the  heating  and  maintain  the  constant  power  load  if  the  combination  is  to  be  a 
paying  investment. 

(5)  The  turbo-generator  imder  variable  vacuums  has  a  steam  rate  varying  100%  between  no  vacuum  and 
full  vacuum,  and  hot  water  forced  circulation  enable  steam  temperatures  below  atmosphere  to  be  used,  whereby 
the  variation  of  the  vacuum  so  produced  at  the  exhaust  outlet  of  the  turbo-generator  will  cause  the  proi>er  vari- 
ation in  the  steam  power  rate.  Therefore,  the  condensing  turbo-generator  and  forced  hot  water  heating  system 
have  all  the  essential  features  for  an  economical  combined  heating  and  power  system. 

The  same  economical  and  low  cost  condensing  turbo-generator  is  employed  that  is  used  by 
the  public  service  companies,  with  high  vacuum  at  all  times  summer  and  winter  when  heating 
is  not  required.  When  heating  is  required,  the  heating  system  takes  its  portion  of  the  condens- 
ing load,  the  variable  vacuum  producing  the  variable  steam  power  rate,  constant  power  load, 
and  perfect  heat  balance.     Thus  a  maximum  power  recovery  is  obtained  from  the  heating  fuel. 

17t.  Evans'  "Vacuo"  Hot  Water  Heating  System  Combined  with  Power.— 
The  writer  has  perfected  a  system  of  vacuum  control  on  which  letters  patent  are  about  to  be 
issued,  whereby  the  vacuum  on  a  condensing  turbo  generator  may  be  varied  at  will  from  3-lb. 
back  pressure  to  28  in.  of  vacuum,  independent  of  the  power  or  heating  loads  without  stopping 
the  machine  or  opening  the  relief  valve. 

The  system  has  been  in  operation  for  several  years  in  a  large  railway  terminal  in  the  East 
and  the  relations  given  are  from  actual  test  data,  and  are  therefore  reliable. 

The  saving  of  70  %  in  steam  as  indicated,  is  not  dependent  on  skill  of  operation,  but  is 
inherent  in  the  physics  of  the  problem.  It  is  one  of  the  ea&iest  means  of  conserving  the  fuel  of 
community  at  a  profit  by  utilizing  the  heating  fuel,  steam,  and  boilers  for  combined  power  gen- 
eration. It  is  applicable  to  any  heating  plant  of  over  500-hp.  capacity  in  zero  weather,  such 
as  office  buildings,  factories,  or  institutions,  as  long  as  there  is  use  for  the  available  electric  power 
during  the  period  the  heating  system  operates. 

The  arrangement  enables  the  plant  to  be  placed  on  a  proper  accounting  baais  whereby  all  heat  and  current  can 
be  metered  and  apportioned  according  to  different  departments  and  operations. 

There  is  a  large  plant  known  to  the  writer  wasting  about  $100  per  day  in  exhaust  steam  from  two  non-con- 
densing nossle  turbines  used  as  auxiliaries  for  a  turbo-generator  whose  entire  steam  load  does  not  aggregate  twice  the 
steam  these  auxiliaries  require.  By  purchasing  200  hp.  in  motors,  this  waste  could  be  eliminated,  yet  this  condition 
has  continued  several  years. 

All  fuel  and  power  plant  exi>cnse  is  lumped  and  divided  by  the  number  of  units  per  day  of  the  manufactured 
article.  There  is  a  very  largo  machine  shop  receiving  power  and  heat  belonging  to  a  subsidiary  cotnpany  manu- 
facturing presses  for  outside  customers.  This  expense  is  all  lumped  in  the  articles  manufactured  by  the  main  plant. 
They  actually  do  not  know  what  it  costs  only  in  a  very  general  way  or  where  the  expense  should  be  charged. 

Diagram  7  was  deduced  from  an  actual  problem  and  reduced  to  percentages  for  convenience.  If  a  plant  used 
100,000  lb.  of  steam  per  hr.  in  sero  weather  for  heating,  and  a  steam  rate  of  16  lb.  per  kw-br.  could  be  obtained 
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with  300-Ib.  inltuJ  pnMiue  wid  £8  in.  of  vaeuiim,  tha  avenc*  steun  rkts.  huuriy  pomr  load,  And  total  nsovary 
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of  time  the  different  outdoor  temperaturee  occur  from  the  weather  bureau  reports.     The  73%  area  repreeeats  the 
power  recovery  in  pounds  of  steam  at  full  vacuum  or  the  saving  is  73  %  of  the  heating  steam. 

The  lines  26  in.,  27  in.,  and  28  in.,  are  the  increases  in  steam  due  to  apparatus  design  for  the  lower  vacuums  whi(^ 
show  the  more  economical  the  power  machine  the  less  the  saving  in  fuel  by  utilising  exhaust  steam  for  heating.  In 
this  case,  the  cost  of  utilising  75%  of  the  heating  in  exhaust  steam  is  30%  of  the  i>ower,  or  }i  live  steam  has  to  b* 
added  to  utilise  exhaust  steam  for  the  heating. 

Note  the  actual  variation  of  the  power  load  is  slight.  It  is  constant  for  57%  of  the  time  (lines  26  in.,  27  in., 
28  in.  vacuum)  and  in  the  warmer  periods  above  45  deg.  the  increase  in  steam  rate  for  proper  heating  temperature 
is  not  over  2  lb.  per  kw-hr.  or  less  than  10%,  so  it  is  not  serious.  The  degree  of  regulation  obtained  on  the  heating 
system,  as  a  whole,  reduces  the  total  steam  over  ordinary  methods  so  that  in  most  cases  less  coal  would  be  burned 
for  heating  and  power  than  would  be  used  where  the  apparatus  receives  no  attention,  when  outside  temperature 
changes  occur.  Under  ordinary  conditions  when  the  temperature  drops,  it  ia  several  hours  before  t^e  rooms  or 
apparatus  is  affected  and  when  the  outdoor  temperature  rises,  sometimes  a  day  or  two  is  needed  before  the  sys* 
tem  can  be  adjusted  to  the  changed  condition. 

Where  the  heating  medium  is  regulated  by  the  outside  temperature  at  a  central  point,  these  weather  changes  are 
met  long  before  the  buildings  and  rooms  are  fifiected,  thus  tending  to  the  economical  use  of  heat  and  greater  comfort. 

The  46  %  area  is  the  recovery  of  power  by  use  of  a  bleeder  turbine.  Tliis  machine  to  operate  successfully 
would  have  to  be  at  least  twice  the  capacity  of  the  steam  bled,  this  case  8000  to  10,000  kw.,  and  might  be  larger  than 
the  maximum  power  requirements  of  the  plant.  The  power  recovery  would  be  at  the  non-condensing  steam 
rate. 

If  the  steam  were  used  on  a  non-condensing  engine  or  turbine  it  is  readily  seen  that  the  wide  variation  in  load 
due  to  the  constant  steam  rate  would  never  be  met  with  a  single  unit.  If  the  average  load  were  balanced,  at 
SO-deg.  F.  outside,  steam  would  pass  to  the  atmospheie  at  temperatures  above  30  deg.  F.  and  live  steam  would  be 
necessary  at  temperatures  below  30  deg.  F.     The  actual  power  recovery  would  not  be  more  than  25%. 

River  or  natural  cooling  water  is  not  obligatory  for  the  success  of  this  system,  as  cooling  towers  may  be  used 
with  equal  economy  and  the  savings  are  more  than  sufficient  to  warrant  their  adoption.  They  would  oi>erate 
12  mo.  and  divide  the  condensing  load  with  the  heating  system  in  winter. 

In  the  middle  west  the  industrial  plant  situation  is  in  a  deplorable  condition  as  far  as  heating  and  i>ower  are 
concerned.  Although  the  steam  is  generated  from  the  fuel  generally  with  good  economy,  the  waste  is  criminal 
when  applied  to  power  and  heating.  The  policy  of  the  manufacturers  is  against  spending  any  money  tot  plant 
improvements  that  require  a  term  of  years  to  amortiie  the  interest  and  principal  with  a  saving  in  operation.  The 
money  makes  a  better  showing  with  the  stockholders  distributed  as  dividends. 

The  fuel  in  some  of  these  plants  amounts  to  $250,000  per  year,  but  the  total  expense  of  i>ower  and  heating  is 
only  3  or  4  %  of  the  total  cost  of  the  manufactured  article. 

One  plant  the  writer  investigated  is  using  10  lb.  of  coal  in  the  plant  for  each  kilowat  hour  generated  at  times  and 
the  average  is  6  or  7  lb.  A  saving  of  25,000  tons  per  year  could  be  made  in  this  plant  on  an  investment  of  $500,000 
It  is  in  addition,  exhausting  12,000  tons  per  year  to  the  atmosphere  from  steam  hammers,  and  purchasing  $65,000 
wo."th  of  current  for  a  motor  generator  20  ft.  from  the  boilers  and  out  board  exhaust  head.  The  12,000  tons  of  coal 
on  a  low  pressure  turbine  after  leaving  the  hammers  would  exactly  wipe  out  the  $65,000  current  expenditure  with 
no  fuel  to  purchase.  This  saving  totals  $250,000  a  year  conservatively  calculated  and  would  cut  out  the  operation 
of  5  b(Hlers  or  2000  hp.  in  a  separate  plant  with  all  attendant  expense.  The  operation  of  this  plant  is  notorious 
among  engineers,  but  it  is  imposrible  to  persuade  the  company  to  take  action.  Their  yearly  records  showed  a 
continuous  increase  in  the  kilowatt  rate  of  about  I  lb.  of  coal  per  kw.-hr.  per  year  with  an  increase  in  power  load. 
It  is  with  the  idea  that  attention  may  be  brought  to  manufacturers  of  the  poesibfllties  of  remedying  these  wastes, 
that  this  section  is  given. 

18.  Comparison  of  Heating  Systems. — The  efficiency  of  any  medium  of  transmiaeion  as 
steam,  water,  or  air  depends  solely  on  the  physical  characteristics  of  the  medium  and  not  on 
any  so-called  trade  name. 

The  universal  question  of  "What  is  the  best  system"  may  be  answered  by  stating  that  a 
building  can  be  heated  with  equal  satisfaction  by  any  of  the  methods,  and  any  system  may  prove 
unsatisfactory  if  it  is  designed,  installed,  or  operated  improperly. 

The  same  building  was  used  as  a  problem  to  work  out  different  methods  and  tyi>e8  of 
apparatus  and  these  principles  apply  to  all  cases  regardlesss  of  size  or  type.  The  same  boiler 
and  chimney  capacity  is  required  in  all  the  cases  and  the  accompanying  table  gives  the  results 
based  on  the  different  assumptions.  However,  the  greater  the  rapidity  of  the  movement  of 
the  fluid  through  the  boiler,  the  less  heating  surface  required  for  the  same  capacity. 

The  conclusions  drawn  from  the  table  and  problem  may  be  stated  as  follows: 

1.  Radiation  has  nothing  to  do  with  the  sise  of  the  boiler  unless  accompanied  by  the  temperature  of  the  room 
and  the  medium.     The  heat  loss  of  the  building  is  the  actual  work  to  be  accomplished. 

2.  The  cost  of  the  plant  depends  on  the  amount  of  radiation  which  in  turn  is  determined  by  the  avermge 
temperature  of  the  steam  or  water.     The  lower  the  working  temperature,  the  more  costly  the  plant. 

3.  There  is  practically  no  difference  in  the  use  of  steam  or  water  as  far  as  temperatures  are  concerned  and  the 
limits  of  their  application,  except  that  water  has  a  lower  and  wider  temperature  range  than  steam. 
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Schedule 

Type  and  system 

Pressure 
Obs.) 

Average 

temp, 
(deg.  P.) 

Drop  in 

temp. 

(deg.  P.) 

• 

Water 

passed 

through 

boiler 

(ou.  ft. 

per  hr.) 

Surface 
(sq.  ft.) 

Sise 

of 

main 

(in.) 

"A" 
"A"' 

Low  pressure  steam  overhead  and 
from  below 

5 

227 
210 

210 

170 

•  • 

30 

20 
25 

25.6 
860 

1300 
1015 

5310 
5465 

5725 
8244 

5 
6 

3 

8 

Gravity  hot  water 

Piping  from  below  coib 

Forced  hot  water  overhead 

Gravity  hot  water  overhead  .... 

4.  Raising  the  pressure  on  a  steam  system  increases  the  carrying  capacity  very  rapidly  due  to  the  increased 
density  of  the  steam  (from  atmospheric  pressure  to  10  lb.,  it  is  increased  about  30%). 

5.  Sise  and  lack  of  capacity  (in  the  chimney)  are  more  often  the  cause  of  unsatisfactory  heating  than  the  type 
of  system  (see  chimney,  boiler,  radiation). 

6.  In  all  mechanically  circulated  water  ssrstems  the  rapidity  of  circulation  is  independent  of  the  temperattires 
of  the  medium.  This  is  not  true  of  gravity  circulation,  as  the  height  of  system  and  drop  in  temperature  are  factors 
in  the  determination  of  the  velocity.     The  average  heating  temperature  is  effected  as  the  drop  is  increased. 

7.  AU  mechanically  circulated  water  systems  are  independent  of  all  grades  or  distances,  as  the  power  is  applied 
externally. 

8.  The  wider  the  i>0S8ible  range  in  average  temperature  of  the  heating  medium,  the  better  regulation  and  possible 
economy.  Moderate  temperatures  below  210  deg.  P.  are  the  most  desirable  worldng  temperatures  for  both  steam 
and  water. 

9.  Air  removal  is  necessary  for  all  steam  systems,  either  through  the  return  with  the  condensation  or  through 
a  separate  air  line.     Mechanical  methods  by  pumps  are  the  most  satisfactory'. 

10.  The  thermostatic  traps  required  on  all  vacuum  systems  require  cleaning  periodically.  This  is  a  consider- 
able item  in  the  upkeep  of  this  type  of  sjrstem.  Their  initial  cost  should  be  an  item  of  comparison  as  they  are  absent 
on  hot  water  systems. 

11.  Due  to  the  constant  temperature  of  the  medium  on  steam  systems,  risers  and  mains  necessitate  the  use  of 
covering.  This  is  unnecessary  on  water  systems  where  the  medium  for  the  entire  syBtem  may  be  changed  in 
temperature  to  suit  outdoor  requirements  thereby  lowering  the  required  temperature  of  the  circulating  medium. 
Covering  is  sometimes  used  to  prevent  the  discoloration  of  plaster  due  to  dirt  collecting  along  the  line  of  pipe  due  to 
convection  and  movement  of  air  caused  by  the  heated  pipe. 

19.  Selection  of  a  Heating  System. — The  selection  of  a  system  of  heating  for  a  building  or 
group  resolves  itself  into  two  parts: 

1.  The  tjrpe  of  heating  surface  whether  direct,  indirect,  or  a  combination  of  the  two. 

2.  The  medium  of  transmission — ^water  or  steam. 

,  V  ^       ..       .      ...       f  Hot  water 

(a)  Gravity  circulation  <  ,, 

(^  Vapor  steam 

Mechanical  vacuum  system 

Forced  hot  water 


(6)  Mechanical  circulation 


As  either  medium  may  be  used  with  any  or  all  types  of  heating  surface,  the  latter  being  deter- 
mined by  the  utilitarian  purpose  of  the  building,  or  arbitrarily  by  the  desires  of  the  owner,  the 
engineer  is  mainly  concerned  with  the  type  of  transmission  sy&tem. 

This  should  be  decided  entirely  on  the  basis  of  comparative  first  cost  of  installation  and 
operating  expense.  Where  the  items  are  nearly  balanced  the  choice  may  hinge  on  other  minor 
disadvantages  or  advantages  of  water  or  steam  (liability  to  damage  from  bursting  or  freezing) 
concerning  possible  accidental  damage  which  occurs  seldom  and  is  generally  due  to  ignorance 
or  careless  manipulation. 

Consideration  of  this  type  of  objection  should  be  from  the  viewpoint  of  the  actuary.  The  reductions  in  opera- 
ting or  first  cost  should  be  weighed  against  the  probability  of  the  amount  of  damage  occurring  over  a  term  of  years. 

In  small  plants  where  the  boiler  is  in  direct  circuit,  either  vapor  steam  or  gravity  will  work  out  about  equally 
advantageous,  until  the  plant  reaches  about  3000  sq.  ft.  capacity.  Then  forced  hot  water  with  a  pump  and  boiler 
directly  in  the  drcxiit  deserve  consideration.  The  larger  the  capacity  of  the  plant,  the  greater  the  advantage  in 
the  first  cost  of  the  forced  hot  water  s^tem. 

The  vacuum  valves  and  their  upkeep  should  be  balanced  against  the  pump  and  cost  of  current  in  arriving  at  a 
deoiaion. 
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Tablb  20A. — Appeoximati:  Relations  of  Opbratino  and  Inbtallation  Costs  op  Dii^ 

FBBENT   MKTHODS   op   HeATINO    BuILpDINOB 
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In  aU  plants  of  thia  character  where  there  is  only  live  steam  operation  and  no  exhaust,  the  operating  expense 
will  be  about  the  same,  the  difference  being  in  the  lower  first  cost  of  the  mechanically  circulated  water  arrangement 
tmr  the  vacuum  steam  arrangement. 

When  it  is  desirous  to  use  exhaust  steam  for  heating  at  atmosphere  up  to  about  300  hp.,  and  there  are  no  long 
distances,  the  vacuum  steam  is  available,  without  change.  Steam  boilers  have  to  be  substituted  for  water 
boilers  and  additional  heaters  for  exhaust  steam  added  to  the  forced  hot  water  arrangement. 

There  is  no  limit  to  the  si^e  of  the  building  or  its  purpose  that  will  weigh  one  way  or  the  other  in  the  decision 
between  water  or  steam,  as  these  matters  are  covered  in  the  type  of  heating  surface  which  would  be  common  to 
either.     First  cost  and  operating  expense  will  determine  the  best  selection. 

We  come  now  to  groups  of  buildings  heated  from  a  central  plant.  There  are  three  methods  of  transmission : 
(1)  High  pressure  steam  with  vacuum  steam  in  each  building  served  through  a  reducing  valve,  (2)  vacuum  steam 
for  mains  and  entire  system,  and  (3)  hot  water  forced  circulation.  ' 

Institutions  where  the  power  load  is  much  less  in  proportion  than  the  heating  requirements,  may  be  handled 
aeeording  to  (2)  for  the  nearby  buildings  utilising  exhaust,  and  by  (1)  by  those  further  away. 

High  pressure  steam  distribution  due  to  small  diameter  of  main  reqtiired  will  prove  the  most  economical  method 
of  heat  transmission,  and  by  regulating  the  pressure  on  a  small  main  and  utilising  the  drop  the  steam  may  be  trans- 
mitted with  a  minimum  loss  of  condensed  water  from  the  pipe.  Exhaust  steam,  however,  cannot  be  used  on  a 
system  of  this  kind. 

Low  pressure  steam,  due  to  the  large  diameter  of  pipe  necessary  and  constant  operating  temperature  of  the 
steam,  is  the  most  expensive  method  both  for  operation  and  cost  of  installation.  Exhaust  steam  can  only  be  used  at 
atmospheric  pressure  or  slightly  above,  and  when  live  steam  is  necessary  at  periods  of  no  exhaust,  the  economy  is 
reduced.  Grades  have  to  be  carefully  observed  and  traps  and  drips  provided  with  possibly  power  pumps  to  handle 
the  condensation. 

Hot  water  forced  circulation  enables  exhaust  steam  below  atmosphere  or  live  steam  to  be  used  with  equal 
facility  as  no  steam  is  taken  outside  the  power  house.  The  radiation  loss  from  mains  is  greater  than  for  high  pres- 
sure steam  but  not  as  great  as  the  vacuum  steam  system.  All  drips,  traps,  and  vacuum  traps  are  eliminated. 
Condensing  turbines  may  be  used  and  the  power  recovery  from  the  heating  steam  for  plants  over  600  hp.  will  make 
this  arrangement  preferable  over  any  other  by  a  wide  margin  and  the  first  cost  will  be  no  greater  than. the  vacuum 
steam  and  possibly  less. 

The  tsrpe  of  radiation  effects  the  cost  independent  of  the  system  of  transmission  as  follows: 
I.-  Direct  radiation  generally  costs  less  for  operation  and  installation  than  indirect. 

2.  The  lower  the  temperature  of  the  circulating  medium,  the  more  surface  and  greater  cost  of  any  t3ri>e  of 
radiation. 

3.  Blowers  and  direct  radiation  in  conjunction  cost  somewhat  more  than  either  alone,  but  the  flexibility  is 
increased  and  lower  temperatures  and  more  satisfactory  heating  result,  with  greater  economy  in  the  use  of  heat. 

4.  The  larger  the  building  or  plant,  the  greater  the  difference  in  favor  of  mechanically  circulated  systems, 
both  from  the  standpoint  of  first  cost  and  operating  expense.  Table  20A  is  an  attempt  to  classify  what  is  best  and 
the  order  in  which  the  combinations  will  work  out  both  from  an  operating  and  installation  standpoint.  This  is 
the  writer's  judgment  from  an  experience  of  many  years — the  1,  2,  3,  etc.,  and  the  A,  B,  C,  etc.,  respectively  give 
the  order  of  the  combination  as  they  increase  in  cost  end  operation.  The  experience  and  ability  of  the  engineer  and 
contractor  have  considerable  to  do  with  the  results  and  in  many  cases  the  order  will  be  reversed.  The  whole 
is  subject  to  the  foregoing  discussion. 

VENTILATION 

20.  Quantity  of  Air  Necessary. — Ventilation  consists  briefly  of  all  the  artificial  air  con- 
ditioning necessary  to  maintain  the  air  inside  of  a  building  in  a  condition  desirable  for  certain 
purposes,  such  as  for  breathing  or  for  making  it  suitable  for  given  manufacturing  processes,  and 
at  such  standards  as  may  be  regarded  as  desirable. 

The  most  common  form  of  ventilation  is  that  used  to  furnish  an  air  supply  or  an  air  ex- 
haust for  the  occupants  of  a  building  and  to  keep  the  interior  air  from  becoming  foul — ^also 
remove  objectionable  odors,  such  as  in  kitchens,  restaurants,  and  toilet  rooms. 

In  past  years  the  amount  of  carbonic  acid  in  the  air  has  been  used  to  determine  the  com- 
parative degree  of  purity  even  though  it  has  been  understood  that  carbonic  acid  itself  is  not 
dangerous.  This  is  because  pure  air  seldom  contains  over  4  parts  of  carbonic  acid  in  10,000, 
while  in  exhaled  air  the  number  of  parts  rises  rapidly  and  almost  proportionately  with  the  other 
impurities.  Therefore,  a  statement  of  the  amount  of  carbonic  acid  present  in  a  given  sample  of 
air,  a  measurement  comparatively  easy  to  make,  may  also  be  taken  as  indicative  of  the  amount 
of  other  impurities. 

Each  person  gives  off  about  0.6  cu.  ft.  of  carbonic  acid  per  hour.  If  the  fresh  air  entering 
a  room  has  4  parts  of  carbonic  acid  in  10,000,  and  the  limit  in  the  room  is  desired  to  be  kept  below 
a  certain  number  of  parts,  the  number  of  cubic  feet  per  minute  per  occupant  must  be  not  less 
than  as  follows: 
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Limit  of  iMrts  of  earbonie  acid  in  10,000  puta  of  air 

5 

«  1 
67 

7 

8 

27 

lO  . 
22 

11 

12 

Cubic  feet  of  freah  air  nfcfary  per  muaote  par  oceuiMUit 

133 

I 

^  < 

33 

19 

17 

While  theae  are  the  theoretical  amoonta  of  air  required,  aome  conaideratioa  moat  be  gi-ren  to  the  qaaatitx 
of  air  eontained  in  the  room  at  the  besinninn  of  xte  ocenpaney,  and  alao  to  the  length  of  time  the  room 
Thua,  a  efaorch  where  the  aer  vicea  are  ah<Mt  and  the  Tolume  of  freah  air  ia  large  at  the  beginnini 
for  Tentilation  than  a  moving  pietore  theater  running  eoodnooaaiy  for  10  hr.  a  dmj  and  uanaliy  m 
cramped  qiiartna.     The  quantity  of  air  neceaaary  for  ventilation  ia  meaaured  in  cubic  feet  per  minute  ] 
or  in  changes  qf  air  per  hour.     Tabk  21  ahowa  the  cubic  feet  per  minute  (CJ'.M.)  per  oeenpaat  or  the 
changes  of  air  per  hour. 

Tablb  21 » 


nwmh^i   of 


Room 


Supply 


C.P.M.  per 
occuiMtnt 


lum  air 
changea  per 
hour 


C.F.M 
occupant 


hoar 


AaMmUy  and  etmrention  halls . 

Boiler  rooma 

Engine  rooma 

Factories 

Foundries 

Halla  and  aseembHea 

Mill  buildings 

Officea  (outside  small) 

Officea  (inside  small) 

Oificea  (large) 

Private  office  (large) 

Private  office  (smaU) 

Publio  officea  (Ia^'K^)     

Public  officea  (inside  small). . . . 
Public  officea  (outaide  small). . . 

Public  toilet  rooma 

Public  waiting  rooms 

Pump  rooma 

Round  housea 

Toileto. 
Waiting  rooms. 


30 


20  to  30 

3or 

20  to  30 
none 

20  to  30 


none 


Autopsy 

Bakery 

Bath,  toilets,  etc. 

Boiler  (large) . , . . 

Clothe  storage. . 

Dairy,  meats,  etc 

Dark 


Delivery 

Dining 

Doctors  wash 

Dressing 

Drying  closets 

Electrotberapeutic . 

Engine 

Examination 

Gymnasium 

Hydrotherapeutic . 


60 
20 


30 


8 
10 

4  to6 

4 
4 
8 

4 

6 

6 
none 
4  to8 

6 

none 

none 

4to6 

4to6 

none 

4  to  6 


8  (with  local 

control) 

4 

none 

none 

10 
none 
none 
4 
8 
6 
none 
none 
none 
6 
4  to  6 
6 
8 
6 


30 


20  to  30 

•   « 

30 
26  to  30 

ncMie 

20  to  30 


8 


8  to  10 

4 
4 
8 
4 


60 

30 


30 


4  to8 

6 
none 
10 
4  to6 
8  to  10 
12 
10 
4to6 


12 

8  to  10 

10 

12 

none 

6 

8 

8 
8 
8 
6 
20 
8 
8  to  10 
6 
8 
8 


>  From  Heating  and  Ventilating  Magazine. 
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Table  21  (Coniiniied) 


Room 


Supply 


C.F.M.  per 
occupant 


Ho9intal9  (Continued) 

loe  making 

Instrument  (Prep.) 

Isolation 

Kitchens 

Laboratories 

Laundry  (small) 

Laundry  (large) 

Lockers 

Machinery 

Marking  and  sewing 

Meats*  dairy,  etc 

Operating 

Pantries  (serring) -; 

PUster 

Preparation  Qnst.) 

Pus  dressing 

Pump  and  refrigeration 

Recovery 

Refrigeration  and  pump 

Serving  pantries 

Sewing  and  marking 

Shops,  etc 

Solarium 

Slop  sink  closets 

Sterilising  room 

Stores 

Toilets,  baths,  etc 

UtiUty 

Waiting 

Wards  (gen'l) 

Wards  (contagious) 

Wsah  (dootors) 

ScKooU 

Auditorium 

Board 

Chemical  lab 

Chemical  cabinets 

Claas 

Coat 

Commercial 

Corridors* 

Domestic  science. 

Drawing 

Dress  making 

Forge  shop* 

Forges 

Gymnasium 

Kitchen  for  lunch  room 

Kitchen  for  cooking  class 

IQtchen  <model) 

Lecture. . . « , 

Library 

-Loeker.> 

Lunch 

Machine  shop 


30  to 


100 


60 


30 
30  to  60 
100 


20  to  30 

•  • 

30 
none 

30 
none 

30 

«  • 

30 
30 
30 

200  c.f.m. 
30 

•  • 

30 

30 
30 

none 

•  • 

30 


Minimum  air 

changes  per 

hour 


none 
none 
6 
6to8 
6 
none 
6to8 
none 
4to6 
none 
none 

10 
none 

4 
none 

5 
4  to6 

8 

4to6 

none 

none 

none 

4 
none 

8 
none 

•  • 

none 

6 

6 

10 

none 


8 

6 

6 
none 

6 
none 

6 

•  ■ 

6 
6 
6 

m   • 

per  forge 

8 

6to8 

6 

6 

8 

7 

none 

6 

'6 


Exhaust 


C.F.M.  per 
occupant 


Minimum  air 

changes  per 

hour 


30  to 


100 


60 


30 

30  to  60 

100 


80 

•  • 

30 

100  per  cabinet 
30 

•  • 

30 

•  • 

40 
30 
30 

•  • 

400  cf.m. 
30 

•  • 

60 

•  • 

30 
30 


30 


4to6 
6 
6 
15 
8  to  10 
10 
12 
6  to  10 
8  to  10 
6 
8 

•  • 

12 

6 

6 

8 
8  to  10 

8 

8  to  10 

12 

6 

6 

4 
12 
12 

4 
12 
12 

6 

6 
10 

8 


8 
6 
6 

•  • 
6 
8 
6 

•  • 
8 
6 
6 

■  • 

per  forge 

8 
12 
10 

8 

8 

7 
10 
10 

6 
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Table  21.   (Continued,) 


Room 


Supply 


EzhauBt 


C.F.M.  per 
occupant 


Minimum  air 

ohangefl  per 

hour 


C.F.M.  per 
occupant 


Minimum  air 
changes  per 
hour 


(School*  Continued) 

Model  apartment 

Office — general '. 

Office — private 

Physical  laboratory 

Recitation 

Shower  baths 

Swimming  pool 

Toilets 

Wardrobes 

Wood  working 

Hotels 

Ball  rooms 

Banquet  hall 

Bathroom  (private) 

Boiler  room  (large) 

Dining 

Engine  (large) 

Kitchen 

Laundry 

Locker  room 

Pump  room  Garge) 

Toilets  (main) 

Toilets  (private) 

I/ibrariet 

Administration  center 

Book  rooms. 

Galleriee  (public) 

Galleries  (picture) , 

Lecture  rooms 

Locker  rooms 

Lobbies  (large  buildings) 

Museums 

Reading  rooms 

Stack  room , 

Toilet  rooms 

Chvrehea 

Auditorium 

Banquet. 

Coat  and  locker 

Sunday  School 

Social  rooms 

Toilets 

Theatres 

Auditorium 

Lobbies 

Retiring  rooms 

Smoking  rooms 

Toilets 


none 

30 

30 
none 

•   > 

none 

none 

30 


30 
30 


30 


30 


30 


30 


20 
30 
none 
30 
30 


30 


4  to  6 
6 
none 
6 

none 

4 
none 
none 
6 


8 
8 
none 
10 
8 
4  tod 
6  to  8 
6  to  8 
none 
4to6 
none 
none 


6 
6 

4 

4 

8 
none 

8 

4 

6 
none 
none 


8 


8 
none 


10 

4 

6 

none 


none 
30 
30 


40 


30 
80 


30 


80 


30 


30 


20 
30 

•  ■ 

80 
30 

none 


30 


4to6 
6 
none 
6 
6 
10 
10 
10  to  12 
8 
8 


8 
8 
10 
none 
8 
8  to  10 
15 
12 
10 
8  to  10 
12 
10 


6 
6 

4 

4 

8 

10 

none 

4 

6 

4 
10 


8 


8 
8  to  10 


4 
10  to  12 
8  to  10 


1  Air  supply  to  corridors  should  be  4  changes  per  hour  or  enough  additional  to  be  sufficient  to  counterbalance 
the  excess  of  exhaust  from  all  rooms  connected  to  corridors  where  there  is  no  air  supply  or  where  the  supply  is  less 
than  the  exhaust. 

>  The  air  supply  to  a  forge  room  should  be  not  less  than  30  C.F.M.  per  occupant  and  should  be  increased  to  make 
up  any  unbalanced  condition  occurring  when  the  forges  are  all  running,  each  being  supplied  with  200  C.F.M.  air 
blast  and  400  C.F.M.  forge  exhaust. 


Sec  1-21] 


BEATING,  VENTILATION,  AND  POWER 


1135 


21.  Methods  of  Ventilatioii. — There  are  three  general  methods  of  aocomplishiDg  ventilation: 
(1)  The  supply  of  fresh  air  at  70  deg.  F.  with  slight  increase  in  temperature  furnishing  the  neces- 
sary heating  increment  and  the  exhaustion  of  an  equal  amount  by  means  of  fans;  (2)  exhaust 
ventilation  only,  depending  on  chance  inlets  for  a  replacement;  and  (3)  the  supply  of  fresh  air 
with  either  gravity  vent  flues  or  none  at  all.  Obviously  the  first  is  preferable  from  a  standpoint 
of  efficiency  and  results. 

22.  Position  of  Inlets  and  Outlets. — It  has  been  found  that  the  most  suitable  position  for  the 
air  inlets  and  outlets  in  class  rooms  of  schools  is  in  a  cross  wall  at  right  angles  to  the  outside  wall 
of  buildings.  The  inlet  should  be  as  near  the  inside  wall  as  practicable,  about  10  ft.  from  the 
floor,  and  the  outlet  near  the  outside  wall  at  the  floor  level.  The  air  will  than  pass  along  the 
inner  wall,  returning  along  the  outside  wall  to  the  vent  flue.     ' 

There  has  been  considerable  controversy  in  the  past  as  to  the  best  position  of  inlets  and 
outlets  for  ventilating  systems.  The  question  is  purely  one  of  temperature,  the  colder  air 
(whether  foul  or  fresh)  seeking  the  lower  level,  always  in  -proportion  to  its  relative  tempera- 
ture and  weight.  This  temperature  will  be  governed  somewhat  by  the  volume  of  entering 
air,  in  proportion  to  the  cubic  contents  of  the  itxnn  and  the  temperature  of  the  air  in  the  room. 
If  the  change  of  air  in  the  room  is  sufficiently  often  to  prevent  a  rise  in  temperature  inside  the 
room,  there  will  be  but  small  difference  in  the  weight  and  temperature  of  the  contained  aii 
and  the  incoming  air.  If  the  air  change  is  such  that  there  is  a  considerable  difference  in 
temperature  of  the  entering  air  and  the  air  contained  in  the  room,  the  entering  air  will  fall  to 
the  floor,  due  to  its  greater  density  if  at  a  lower  temperature.  Cold  air  and  hot  air  will  not  mix 
unto  diffusion  with  interchange  of  heat  has  had  time  to  take  place. 


Fto.  rsi. — ^Auditorium    occupied,    anxUisiy 
•tack  iooperstivef  damper  open,  top  ventilation 


Fig.  22. — Bottom  ventilation  only  required 
when  heating  unoccupied  auditorium,  top 
damper  doeed,  auxiliary  itaok  operating. 


II  theie  facts  are  carefully  conaidered,  the  proper  poeition  of  outlets  can  be  predetermined.  In  all  problems 
involving  large  assemUages  of  people,  the  object  is  to  cool  the  room  rather  than  to  heat  the  space,  due  to  the  amount 
of  beat  supplied  by  the  audience. 

In  the  ventilation  of  auditoriums,  whether  fan  or  gravity  is  used,  the  foul  air  must  be  removed  at  the  top  due 
to  its  exireme  temperature  after  a  period  of  operation,  as  the  temperature  may  be  as  high  as  100  <»*  120  deg.  F. 

FlgB.  21  and  22  show  the  arrangement  used  for  ventilating  and  heating  several  large  court  rooms  in  an  eastern 
city,  and  show  why  top  ventilation  is  needed  when  the  auditorium  is  occupied,  and  why  the  top  outlet  should  be 
dosed  when  the  room  is  being  heated.  This  is  true  of  all  auditoriums,  as  when  heating  alone  is  desired,  the  en- 
tering air  must  be  warmer  and  lighter  than  the  air  in  the  room  and  the  outlets  should  be  at  the  bottom.  When  the 
occupants  exhale  air  and  bodily  heat  is  radiated,  the  foul  air  of  any  room  containing  a  large  number  of  people  in 
proportion  to  the  cubic  contents  is  lighter  than  the  incoming  air,  and  the  outlets  should  be  at  the  ceiling.  For  a 
perfect  ssrstem,  both  top  and  bottom  ventilation  should  be  provided. 

A  register  at  the  top  of  the  room  should  automatically  close  when  the  room  is  below  the  temperature  of  the 
incoming  air,  and  open  when  conditions  are  reversed.  The  register  may  be  operated  in  conjunction  with  automatic 
heat  control  on  direct  radiation  in  the  room,  or  on  the  auxiliary  stack  in  the  fresh  air  supply. 

In  schools  the  sise  of  the  ordinary  class  room,  the  frequent  air  change  required  prevents  any  wide  difference  in 
temx>eratiire  in  the  room,  and  the  top  register  is  generally  dispensed  with.  The  best  practice  is  to  heat  the  room 
by  direct  radiation,  independent  of  the  air  supply,  espedally  during  sessions. 
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23.  Preheating  Air  for  Ventilation. 

23a.  Double  Duct  System. — This  method  of  heating  and  ventilation  involves 
a  double  duct  system,  one  for  tempered  air  and  one  for  hot  air,  the  two  being  mixed  at  the  base 
of  the  supply  flue  by  means  of  a  mixing  damper  controlled  by  a  thermostat  in  the  room.  There 
is  also  heat  control  at  the  fan  for  both  tempered  and  hot  air.  The  method  is  complicated  and 
should  be  avoided.  The  reasons  for  this  are  as  follows:  The  rooms  are  located  different  dis- 
tances from  the  fan,  with  different  conditions  existing  in  the  rooms,  the  thermostat  in  the  room 
is  expected  to  set  the  mixing  damper  so  sus  to  proportion  a  mixture  of  tempered  and  hot  air  with 
varying  temperature  differences.  With  the  losses  in  ducts,  different  requirements  in  the  rooms 
not  accounting  the  fact  that  the  conditions  in  any  case  may  be  reversed;  it  would  be  impossible 
to  obtain  any  accurate  adjustment  of  the  system. 

This  system  has  been  tried  again  and  again  without  Bucoess  in  the  last  40  yr.  regardless  of  many  daima  to  the 
contrary.     There  are  simpler  methods  wherein  the  variables  are  under  control  to  a  greats  extent. 

235.  Combination  Direct  and  Indirect  System. — The  heating  may  be  accom- 
plished by  a  separate  direct  heating  system  with  sufficient  radiation  to  counterbalance  the 
wall  and  glass  losses.  The  temperature  may  be  maintained  about  10  to  15  deg.  below  70  deg.  F. 
when  the  room  is  unoccupied.  This  is  more  economical  than  using  the  fan  system  during  per- 
iods when  the  rooms  are  unoccupied,  as  in  schools;  All  fan  systems  require  excessive  boiler 
power  in  zero  weather  although  the  requirements  are  somewhat  below  that  of  direct  radiation 
in  moderate  weather.  Automatic  heat  control  should  be  provided  in  connection  with  properly 
designed  and  operated  ventilation  system. 

28r.  Individual  or  Centralized  Auxiliary  Stacks. — For  buildings  where  direct 
radiation  is  undesirable,  a  very  positive  and  efficient  method  is  to  provide  a  central  heating 
chamber  and  fan  to  heat  the  air  to  70  deg.  F.  or  slightly  below  that  temperature.  Auxiliary 
stacks  are  placed  at  the  base  of  each  flue  and  controlled  by  the  room  thermostat  to  provide 
additional  heat  for  strictly  heating  purposes.  By-pass  dampers,  arranged  to  pass  the  air  at 
70  deg.  F.  around  the  auxiliary  stack  or  to  pass  it  through  the  surface  reheating  it  to  above  70 
deg.  F.  may  be  used.  This  type  of  damper  does  not  need  to  be  graduated  in  its  action  as  it 
may  be  wide  open  or  closed. 

• 

A  modification  of  the  individual  stacks  is  to  group  several  flues  with  one  large  auxiliary  stack,  having  the  wall 
chase  extend  below  the  stack  level,  with  a  damper  arranged  to  be  operated  by  a  thermostat  in  each  room  so  as  to 
take  air  above  70  deg.  F.  from  above  the  stack  or  at  70  deg.  F.  from  below  the  stack  as  the  case  may  require.  The 
last  room  to  be  brought  up  to  temperature  will  have  the  power  of  the  entire  stack.  The  thermostats  contrdling 
the  dampers  are  arranged  in  series  so  the  steam  is  shut  off  from  the  entire  stack  when  the  rooms  are  all  taking  air 
at  70  deg.  F.  This  would  apply  to  buildings  more  or  less  continuously  occupied.  Exposed  or  concealed  direct 
type  of  radiators  may  be  used  installed  in  the  rooms  with  the  air  supply  blown  through  them. 

24.  Theaters  and  Auditoriums. — ^A  very  cheap  and  successful  method  of  ventilating  the- 
aters and  churches  with  high  ceilings  and  places  where  large  numbers  of  people  congregate 
intermittently,  is  as  follows:  Place  a  large  ventilator,  with  as  little  resistance  as  possible,  on  the 
roof  and  provide  it  with  a  damper  thermostatically  controlled  to  shut  off  when  heating  is  re> 
quired  and  the  place  is  unoccupied.  Provide  the  fan  and  heater  with  a  series  of  outlets  at  a 
fairly  high  level  where  convenient  space  may  be  had  with  automatic  heat  control  on  the  heating 
stacks.  The  thermostats  should  be  operated  by  the  incoming  air  which  should  be  about  65  deg. 
F.  if  the  inlets  are  high  enough. 

The  roof  ventilator  damper  may  be  controlled  by  the  room  temperature,  the  higher  the  position  of  the  thermo- 
stat, the  higher  the  temperature  at  which  it  should  be  set.  When  the  audience  has  assembled,  more  than  sufficient 
heat  will  be  supplied  to  operate  the  thermostat,  and  the  vitiated  air  will  pass  out  of  the  roof  ventilator.  The  fresh 
air  will  fall  gradually,  due  to  its  weight,  and  diffuse  without  perceptible  draft.  Some  experiment  and  observation 
is  necessary  in  each  individual  case  to  properly  set  the  thermostat.  If  properly  proportioned  and  adjusted,  this 
system  will  give  excellent  satisfaction. 

Fig.  23  shows  an  economical  and  efficient  method  of  ventilating  a  moving  picture  theater.  Many  ctf  these 
have  an  exhaust  fan  at  the  rear,  but  little  or  no  provision  for  fresh  air  supply.  A  supply  of  fresh  air  is  more  im- 
portant than  is  the  removal  of  the  foul  air.  With  only  the  exhaust  system  there  can  be  no  real  certainty  from  where 
the  air  is  coming.  If  fresh  air  is  forced  into  a  building  with  power,  there  is  greater  certainty  that  it  will  reach  the 
points  intended.     In  all  of  this  class  of  work  both  air  supply  and  air  exhaust  should  be  provided,  so  there  will  be 
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Fio.  23. — Arrangement  for  heating  and  ventilation  of  moving  picture  auditorium. 


Fio.  34. — ^Hoi  air  beating  floes 
within  building  walla. 

72 


iYo.  25.— Hot  air  heating  fluea  outside 
building  walls. 


PiQ.  26. — Hot  air  heating, 
standpipe  method. 
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S5.  Metbods  of  Ail  Distribution. — Fige.  24  &nd  26  show  methods  of  air  dktribuUon  foe  hot 
blast  syBtems  for  factories,  one  with  the  flues  within  the  wall,  and  the  other  with  them  on  the 
outside,  both  supplied  by  an  underground  duct  system. 

These  systems  are  very  expensive  to  operate  due  to  the  high  initial  temperature  necessary 
to  overcome  the  loas  of  temperature  in  the  underground  duct.  In  some  oases  there  will  be  as 
high  as  60  deg.  difference  between  the  temperature  of  the  air  leaving  the  apparatus  and  that 
entering  the  room.  This  may  be  made  up  by 
increasing  the  volume  of  air  but  it  does  not 
reduce  the  expense,  especially  with  air  leaving 
the  heater  at  120  to  150  deg.  F.  Insulation  of 
the  ducts  will  prevent  some  t4  ^^^  '"^  but  at 
no  inconsiderable  expenditure. 


u  to  dcMrmlne  Ui«  ti 


to  (ha  bBatlai  Bygtcm  in 

ol  lucb  s  msthod  of  butini. 

Fi(.  2Q  ihon  whut  ii  kaowD  u  the  itand  pipe 
mttbod  of  dlgtnbution.  Thi*  tskes  csanvdtcabia  Boot 
■puc  but  nduna  ths  ndution  loa  fiom  duett.  The 
UH  of  the  hollow  concrete  building  coluifiu  mnklDc  the 
Annufu  HpHce  ibto  tit  diBtributins  duetA  with  the  tit 
Bupply  from  above  uid  tbe  faci  on  the  roof,  makee  m.  Tery 
degirable  end  econoniical  uruiceinent. 

Where  mlv  (bd  heatins  or  indirect  ndistion  ii  ueed, 
e  large  part  of  the  air  supply  temperature  ia  absorbed  1^ 
the  muonry,  overheatini  the  upper  floon  while  the  fint 

*■  hereinafter  deacribed,  will  obviate  tbia  difficulty  by 
reducioi  the  air  temperature  ai  weU  ai  the  required 


Elevation 

Fio-  27. — Carrier  air  waaher. 
and  dehumidifyiag  the  air  for  ventilation 

They  an  placed  between  the  bit  inlet  and  ths  fi 
one.  known  aa  the  tempering  coil,  to  raise  the  air  U 
thii  Umperature;  the  other,  known  aa 
ture  after  paaaini  tbe  waeber,  which  di 


S6.  Air  Washers. — Air  WHshers  (Fig.  27) 
are  installed  for  one  or  all  of , three  purposes: 
(1}  For  cleansing  and  washing  air  for  ventila- 
tion, (2)  for  the  bumidification  or  adding  the 
moisture  requiteil  to  condition  the  air  in  the 
rooms  to  produce  comfort,  and  (3)  for  cooling 
1  summer. 

1.     Two  leta  of  ooUa  are  used  in  coaii«atioa  with  the  air  waaher. 


la  final  t( 


'ethei 


midlty. 


37.  Automatic  Temperature  Control. — Automatic  temperature  control  systems  consist  of 
(1)  a  thermostat  placed  at  the  point  in  the  room  or  place  where  the  temperature  is  to  be  regu- 
bted,  (2)  an  hydraulic  or  electric  motor  driveta  air  pump  to  furnish  air  pressure  to  actuate 
diaphragm  valves  or  dampers,  and  (3)  the  air  piping  aytsem  interconnecting  the  diaphragms. 


draft  reguhltora  ei 


a  (1)  the  thermoeUt  and  (2)  the  email  dry  cell  motor  which  regulates  the 
will  prove  economical  aa  it  will  aave  26  to  30 !%  of  the  heat  UMd  in  individual 
e  of  the  medium  may  be  varied  with  tbe  outaide  weather,  individual  room 


actory  reaulla  are  U 
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28.  Duct  and  Fan  Design. — Ducts  and  flues  for  heating  and  ventilating  are  usually  con- 
structed of  galvanized  iron  or  masonry.  When  galvanized  iron  is  used,  they  may  be  round  or 
oblong  in  shape  and  are  often  built  of  No.  24  U.  S.  gage  up  to  350  sq.  in.  of  area,  No.  22  U.  S. 
gage  from  351  to  1200  sq.  in.  of  area,  and  No.  20  U.  S.  gage  above  this,  with  suitable  stiffeners. 
Casings  for  heaters,  fan  connections,  fresh  air  intakes,  and  other  large  compartments  are  usu- 
ally built  of  No.  18  U.  S.  gage. 

Ducts  and  flues  are  gen^aUy  made  in  the  shape  of  sections  and  joined  up  on  the  job,  special 
connections  being  installed  after  the  main  lines  are  in  place.  There  are  various  methods  em- 
ployed by  different  contractors  for  joining  the  various  sections,  some  of  the  more  common  types 


FiQ.  28. — Methods  of  stiffening  and  locking  seams  for  air  duots. 

being  here  illustrated  (see  Fig.  28).  For  smaller  work  the  use  of  an  angle  iron  is  unnecessary, 
the  standing  seam  giving  all  the  stiffness  required  for  short  spanis,  but  for  spans  over  4  ft. — ^and 
certainly  for  spans  over  6  ft. — angle  irons  are  desirable.  Some  engineers  specify  that  ducts 
shall  be  stiffened  "so  as  to  bear  the  weight  of  a  man  on  a  plank  laid  along  the  top  at  any  loca- 
tion selected."  Flat  seams  are  little  used  in  good  work  unless  the  size  of  the  pipe  is  12  in.  or 
ess. 

Round  pipes  from  a  purely  efficiency  standpoint,  are  alwasrs  the  beet,  the  amount  of  metal  required  to  furnish 
a  given  amount  of  air  at  a  given  velocity  being  less  and  the  friction  or  resistance  to  the  passage  of  the  air  also  being 
reduced.  In  factories,  sbope,  and  other  industrial  buildings,  round  ducts  and  ftues  are  the  rule;  in  better  classes  of 
buildings,  where  space  is  at  a  premium,  square  or  rectangular  flues  are  used  almost  exclusively.  The  length  of  the 
long  nde  of  a  rectangular  flue  should  never  be  more  than  three  times  the  length  of  the  short  side  unless  absolutely 
unavoidable. 


Atrajshbnaf 
topaftUM 

fWOa  fTOWB 


orgri/k 
-Se/'scrmf 

nfaff 


Chain  oaxfhook 


■'  orgrf/fe 

l/biume  damper 
Floor 


Fig.  29. — Arrangement  of  volume  damper  in  flue  inlet.       Fxa.  30. — Arrangement  of  volume  damper  for  vent  flue. 

V(4ume  papers  should  be  placed  so  as  to  control  with  absolute  certainty  the  quantity  of  air  delivered  to  each 
outlet  or  inlet  and  it  is  impractical  to  try  to  design  a  system  where  such  dampers  are  not  needed. 

In  Fig.  29  is  illustrated  an  up-feed  supply  system  outlet  in  which  the  vertical  flue  is  carried  a  slight  distance 
above  the  top  of  the  outlet  in  order  to  form  an  air  cushion  and  to  help  equalise  the  air  flow  across  the  register  face. 
This  distance,  which  is  usually  made  8  to  12  in.,  does  not  absolutely  equalise  the  air  flow  but  tends  to  prevent  such 
a  large  quantity  of  air  shooting  out  through  the  top  third  of  the  register  as  would  be  the  case  if  a  plain  elbow  were 
used. 

Fig.  30  illustrates  a  similar  outlet  for  an  up-feed  exhaust  ssrstem  with  a  volume  damper  consisting  of  a  piece  of 
curved  sheet  metal  riveted  to  the  flue  at  the  bottom  and  hooked  to  the  proper  position  at  the  top  by  means  of  the 
chain  and  hook  chown.  The  spring  of  the  metal  will  hold  this  damper  tightly  in  its  proper  place  after  being  ad- 
justed. To  operate  this  damper,  a  hinged  or  removable  register  must  be  used  and,  for  this  reason,  some  engineers 
prefer  controlling  air  in  the  flue  from  a  damper  located  in  the  horicontal  duct  connecting  to  the  top  of  the  flue 

Table  22  gives  gages  and  proper  weight  for  galvanized-iron  duct  8>-stems. 
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Tablb  22. — Proper  Gaqer  and  Wmanrs  op  Round  G.  I.  Pipe  and  Elbows  pob  Duct 

Ststehb 

Compiled  by  Heating  and  Ventilating  Magazine 


Gage  and  weight 
per  flquare  foot 


28  g.  0.78  lb. 


26  g.  0.91  lb. 


26  g.  1.03  lb. 


24  g.  1.16  lb. 


22  g.  1.41  lb. 


20  g.  1.66  lb. 


Diam. 

of 
pipe 
(in.) 


3 

4 
6 
6 
7 
8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 

36 
37 


Weight 
per 

lineal 

foot 

Ob.) 


4.5 
4.7 
5.0 
5.3 
5.6 
6.0 

7.0 
7.3 
7.7 
8.0 
8.3 
8.7 

10.9 
11.4 
11.8 
12.2 
12.6 
13.0 
13.5 
13.9 
14.3 

17.2 

17.8 


Weight 

of 

fuD 

eU 

Gb.) 


13.5 
15.1 
17.0 
19.1 
21.4 
23.9 

29.6 
32.3 
35.6 
38.6 
41.7 
45.1 

59.1 
64.2 
68.6 
73.4 
78.3 
83.4 
88.9 
94.3 
99. G 

124.4 
131.4 


Gage  and  weight 
per  square  foot 


0.7 

0.4 

1.1 

0.9 

1.2 

1.2 

1.4 

1.7 

1.7 

2.3 

1.9 

2.9 

2.4 

4.3 

2.7 

5.3- 

2.9 

6.4 

3.2 

7.6 

3.4 

8.9 

3.7 

10.4 

20  g.  1.661b. 


18  g.  2.16  lb. 


16  g.  266  lb. 


Diam. 
of 

pipe 
(in.) 


Weight 
per 

lineal 
foot 
(lb.) 


Weicht 
of 
full 
ell 
Ob.) 


38 

18.2 

39 

18.7 

40 

19.1 

41 

19.6 

42 

20.1 

43 

20.6 

44 

21.0 

45 

21.5 

46 

22.0 

47 

29.2 

48 

29.8 

49 

30.4 

50 

31.0 

51 

31.6 

52 

32.2 

53 

33.0 

54 

33.6 

55 

34.4 

56 

34.9 

57 

35.6 

58 

36.1 

59 

36.7 

60 

37.4 

61 

46.7 

62 

47.5 

63 

48.3 

64 

49.1 

65 

49.8 

66 

50.5 

67 

51.3 

68 

52.1 

69 

52.8 

70 

53.6 

71 

54.3 

72 

55.1 

139.4 
146.0 
152.9 
160.7 
168.6 
176.7 

185.0 
193.4 
202.2 
274.3 
286.6 
298.8 

309.9 
322.5 
335.1 
349.7 
363.4 
377.2 

390.7 
405.1 
418.8 
433.1 
448.6 
569.7 

589.0 
608.6 
628.5 
647.4 
666.6 
687.4 
708.6 
728.6 
750.4 

771.0 
703.4 


In  this  table  the  weights  include  rivets.  Bolder,  and  due  allowance  for  trimming  and  lapa;  the  elbows  have  an 
integral  radius  equal  to  the  diameter  of  the  pipe.  Rectangular  pipes  are  usually  made  of  same  gage  as  round  pipes  of 
equal  area. 

28a.  Mechanical  Circulation  of  Air  in  Ducts. — Diagram  S  shows  the  friction 
loss  in  ducts  for  hot  blast  apparatus  as  recommended  by  the  American  Blower  Company. 
Diagram  9  is  a  generally  accepted  formula  and  curves  of  friction  factors  for  sheet  iron  ducts. 

The  formula  is  in  feet  head  of  air  and  can  be  converted  into  inches  of  water  by  multiplying  the 

12 

result  by  ^^"4  when  the  result  is  obtained  in  feet  head  of  air.     Pounds  per  square  foot  is  the 

weight  per  cubic  foot  of  the  air  at  the  temperature  in  question. 
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The  friction  chart  g^Tes  the  results  for  round  pipe  velocities  and  disoharse,  and  friction  in  mehes  of  water.     In 
figuring  a  duct  8ystem«  the  velocity  head  and  friction  of  heaters  and  air  wsahers  has  to  be  taken  into  account  and 

the  whole  must   be  less  than  the  static  pressure  pro- 
duced by  the  fan.    The  velocity  head  in  inches  of  water 

—  A.  -  (4455  ft)  where  V  is  the  velocity  in  feet 

minute.    To  change  the  circular  ducts  to  square  or 
tangular  ducts  for  the  same  service,  use  the  formula  D  * 

2(A  -f  A)  *  ^  whidi  A  and  B  are  the  sides  of  the  reo- 
tangular  duct. 

286.  Air  Frictioii  Through  Coils, 
Radiators,  Air  Washers,  Etc.— Table  23  gives 
a  condensed  tabulation  of  the  resistance  of 
various  standard  pipe  coils  and  Vento  radiators 
as  used  in  connection  with  fans.  The  resist- 
ance varies  directly  as  the  number  of  sections 
deep, — i,e,,  4  sections  have  twice  the  resistance 
as  2  sections  for  the  same  velocity.  The  fric- 
tion varies  as  the  square  of  the  velocity.  If 
the  friction  for  2000-ft.  velocity  is  desired,  it 
will  be  4  times  the  friction  at  1000-ft.  velocity, 
or  if  that  for  300-ft.  velocity  per  minute  is 
desired,  it  will  be  0.25  of  the  friction  for  600 
ft.  per  min.    The  velocity  through  air. washers  should  never  be  over  700  ft.  per  min. 


Velocity  of  air  tn  leei-  pmr  second 


DxAOBAii  0.— Curves  of  coefficients  for  friction  for- 
mula.   Flow  of  air  in  air  ducts. 


Tablb  23. — Friction  Thbough  Hbater  Coils,  Radiators,  and  Air  Washers 

(in.  of  water).    Nominal  1-in.  pipe  »  1.28  in.  outside  diameter — lK-ii^-  pipo  ■■  1-66  in. 

4  rows  to  section 
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•T 


6 

s 
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Si 


1-^ 

I 

H 


•c. 


o 

J3 
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o 


& 


In 
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Vento  regular  section 


o 

a 


.9 

10 


o 
o 


Vento  narrow  section 


.9 


o 
o 

i 


o 
o 


.9 


1 
I 


•8 


/'    PV 


laec. 


10.6 


21.6 


12.33 


11.26 


18.1 


20.6 


17.34 


14.6 


14.3 


12.2 


10.3 


600 


800 


1000 


0.06 

0.06 

0.04 

0.00 

0.00 

0.06 

0.12 

0.13 

0.08 

0.15 

0.17 

0.11 

0.10 

0.10 

0.07 

0.16 

0.16 

0.10 

0.22 

0.23 

0.14 

0.27 

0.30 

0.10 

0.16 

0.16 

0.11 

0.25 

0.25 

0.16 

0.34 

0.36 

0.23 

0.43 

0.47 

0.20 

0.04 
0.06 
0.08 
0.11 

0.07 
0.10 
0.14 
0.10 

0.11 
0.10 
0.23 
0.20 


0.022 

0.043 

0.040 

0.044 

0.084 

0.076 

0.066 

0.126 

0.112 

0.088 

0.168 

0.140 

0.04 

0.077 

0.070 

0.08 

0.150 

0.135 

0.120 

0.224 

0.200 

O.IGO 

0.300 

0.265 

0.062 

0.120 

0.100 

0.124 

0.235 

0.211 

0.186 

0.350 

0.313 

0.248 

0.47 

0.415 

0.034 
0.064 
0.004 
0.124 

0.060 
0.114 
0.167 
0.221 

0.004' 
0.1781 
0.2621 
0.346 


0.032 

0.03 

0.026 

0.061 

0.055 

0.047 

0.00 

0.08 

0.069 

0.36 

0.110 

0.105 

0.090 

0.058 

0.052 

0.046 

0.100 

0.007 

0.084 

0.160 

0.142 

0.123 

0.64 

0.212 

0.187 

0.161 

0.000 

0.082 

0.072 

0.171 

0.152 

0.132 

0.251 

0.223 

0.102 

0.332 

0.203 

0.251 

0.33 


0.588 


Friction  varies  as  the  square  of  the  velocity. 
Friction  varies  directly  as  the  number  of  stacks  deep. 
Multiply  by  5. 19  to  change  to  poaniJs  per  square  foot. 


Sec.  l-28cl 


HEATING,  VENTILATION,  AND  POWER 


1143 


Table  24  shows  the  general  practice  as  to  the  assumed  velocities  of  air  through  ducts 
for  different  classes  of  work. 

Table  25  is  an  equalization  table  for  pipe  sizes  for  duct  work  and  is  used  in  the  same 
manner  as  the  one  previously  given  for  iron  pipes. 

Tablb  24. — ^AiR  Velocities  Through  Ducts  ^ 


VelodtieB  in  feet  per  minute 

Maximum  velodtiea 

Recommended  velocities 

Sohoola,  theaters, 

churches,  and 

public  buildings 

Machine  shops, 

foundries  and 

factory  buildings 

Schools,  theaters, 

churches  and 
public  buildings 

Machine  shops, 

foundries,  and 

factory  buildings 

Through  fan  outlet 

• 

2000 
1400 
1200 

750 

450 
1400 
3500 

2500 
1800 
2500 
2000 
1600 
1700 

»  •  •  • 

1600 

1000  to  1100 

000  to  1000 

600 

353 

1000 

2700  to  3000 

2000 

1200  to  1300 

1200  to  2000 

1000  to  1600 

600  to  1200 

1200 
3000  to  4000 

Through  heati^r 

Through  horisontal  duota 

Through  vertical  risers 

Through  regiater  or  outlets 

Thrniiffh  intak<f  duotii 

Perioheral  soeed  fan  wheel 

28c.  Gravity  Circulation. — In  figuring  ducts  for  gravity  ventilation,  the  method 

described  in  Ck)nrad  Meier's ' '  Mechanics  of  Heating  and  Ventilation'  'is  used.    The  formulas  are 
as  follows: 

Let  k  >■  height  of  flue  in  feet. 

Tf  •■  absolute  temperature  of  flue. 

7**  •■  absolute  temperature  outside. 

Pr  *  pressure  to  overcome  resistance  of  construction,  in  pounds  per  square  foot. 

Pf  •■  pressure  in  pounds  per  square  foot  due  to  friction. 

P«  «  pressure  in  pounds  per  square  foot  to  create  velocity. 

d  M  diameter  in  feet. 

e  ».  perimeter  in  feet.  • 

a  *  area  in  square  feet. 

Q  ■"  cubic  feet  per  second  at  70  deg.  F. 

V  "  velocity  in  feet  per  second. 


Total  pressure  created  in  pounds  per  square  foot: 

/        530 
P  -  0.075  ^1  -  — 


Total  pressure  created  in  pounds  per  square  foot: 


530\ 

I  h  for  heat  flue  above  70  deg.  F. 


P  m  0.075 


("-) 


h  for  vent  flues  at  70  deg.  F. 


Prtssure  in  pounds  per  square  foot  to  overcome  friction: 


Pf  -  0.075  X  0.00624 
Prtssure  to  overcome  various  resistances: 


(V) 


^'O 


lat 


Pr  -  0.076  X  1.25r 


(V)»- 


Pressure  to  create  velocity: 
Actual  velocity  obtainable: 


20 


(lb.  persq.  ft.) 


P.  -  P  -  (P/  +  Pr) 


VP         Q 
^^OOTE  "  o     (Q  "  ^'^  '*■  P«'  a®«-  »*  70^F.) 


Theoretieal  velocity  -  F  -    \^0  075 


(1) 

(2) 
(8) 

(4) 
(6) 

(0) 

(7) 


In  Table  26.  the  available  power  for  gravity  flue  is  given,  taken  from  Meier's  charts,  and  in  Table  27  the  friction 
for  lengths  and  discharge  of  square  ducts  of  various  areas  are  given.  In  Table  20  on  indirect  radiation  previously 
given,  the  resistance  in  poimds  per  square  foot  is  tabulated  for  the  various  types  and  sixes  one  section  deep  for 
150-ft.  velocity  per  minute.     For  any  other  velocity,  square  the  proportional  difiference,  i.e.,  twice  the  velocity 
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UM  4  times  the  resietanoe.  By  trial  it  is  fairly  easy  to  proportion  the  syvtBm  so  that  the  friotioii  is  well  within 
75  %  of  the  total  available  head.  Due  to  the  uncertainty  of  gravity  ventilating  syetems  and  the  expense  of  installa- 
tion, they  are  beooming  leas  and  less  used.  "With  the  cheap  cost  of  electric  power  and  its  universal  availability 
for  operating  fans  and  motors,  positive  results  and  greater  satisfaction  are  assured  by  their  use.  Except  in  the 
ease  of  small  residences,  gravity  ventilation  has  little  to  recommend  it. 

Tables  26  and  27  will  prove  useful  in  checking  the  flow  and  friction  for  hot  air  furnace 
installations  and  all  caises  where  movement  by  gravity  in  ducts  is  involved  (see  previous 
examples).  . 

Table  26. — Avah^able  Head  for  Flues  of  Given  Height  and  Temferatitre  Difference^ 

(lb.  per  sq.  ft.) 


Height 
Cft.) 

Pressure  in  pounds  per  sq.  ft.  difference  in  temperature  for  flues — outside  or  entering  air 

20  deg. 

30  deg. 

40  deg. 

60  deg. 

60  deg. 

70  deg. 

• 

80  deg. 

90  deg. 

100  deg. 

150 

deg. 

100 

0.27 

0.40 

0.52 

0.66 

0.76 

0.87 

0.99 

1.1 

0.99 

0.86 

1.2 

1.7 

90 

0.25 

0.36 

0.47 

0.57 

0.68 

0.79 

0.89 

1.1 

1.6 

80 

0.22 

0.32 

0.42 

0.52 

0.61 

0.69 

0.78 

0.95 

1.3 

70 

0.10 

0.27 

0.36 

0.46 
0.37 

0.54 

0.61 

0.68 

0.76 

0.83 

1.15 

00 

0.16 

0.24 

0.31 

0.46 

0.52 

0.69 

0.66 

0.7 

1.00 

50 

0.135 
0.11 

0.2 

0.26 

0.32 

0.37 

0.43 

0.49 

0.56 

0.6 

0.82 

40 

0.16 

0.22 

0.256 

0.3 

0.36 

0.38 

0.43 

0.47 

0.66 

30 

0.0825 

0.12 

0.16 

0.2 

0.22 

0.26 

0.29 

0.32 

0.35 

O.CO 

20 

0.066.    , 

0.08 

0.107 

0.13 

0.16 

-^0.17 

0.2 

0.22 

0.24 

0.33 

10 

0.027 

0.04 

0.052 

0.066 

0.076 

0.087 

0.098 

0.11 

0.12 

0.17 

5 

0.02 

0.0256 

0.032 
0.019 

0.037 

0.043 

0.05 

0.056 

0.06 

0.082 

3 



0.022 

0.026 

0.029 

0.032 

0.036 

0.05 

i  From  "  Mechanics  of  Heating  and  Ventilation  "  by  Conrad  Meier. 

2Sd.  Duct  and  Fan  Circulation. — ^Using  the  heat  loss  in  Fig.  7  and  Table  13t 
1,233,000  B.t.u.  per  hr.  for  — 10  deg.  F.  outside  and  70  deg.  F.  in  the  room,  determine  the  sizes 
for  heater  and  duct  system,  with  Diagram  7  and  accompanying  tables. 

The  entering  air  temperature  will  be  assumed  at  120  deg.  F.  or  50  deg.  above  the  room  temperature  with  10  deg. 

_                                                    1,233,000  X  140 
lost  in  the  ducts.     The  total  heat  required  will  be ■■  3,450,000  B.t.u.  per  hr. 


60 


The  air  required  will  be 

B.t.u.  per  hr. 


3,450.000 


3.450,000 


-  22.820  ou.  ft.  per 


60  min.  X  diff.  X  spec,  heat  of  air  X  IF  at  70  deg.  F.       60  X  140  X  0.24  X  0.075  151.2 

min. 

If  all  out  door  air  were  used,  this  would  hare  to  be  raised  from  — 10  deg.  F.  to  130  or  140  deg.  F. 

In  extreme  weather  it  is  customary  to  recirculate  part  of  the  air  say  Hf  from  the  room  at  70  deg.  F.  and  the 
remainder  from  out  of  doors.  This  arrangement  is  accomplished  by  means  of  dampers.  If  the  air  is  recirculated, 
the  rise  in  temperature  will  be  H  the  air  from  70  deg.  F.  and  H  from  — 10  deg.  F.,  or  the  entering  temperature  of 
the  mixture  will  be  30  deg.  F.,  average. 

Assuming  for  this  case  5-lb.  steam  pressure  in  the  coil  or  227  deg.F.  and  a  velocity  of  1200  ft.  pet  min.  through 

22,820 
the  dear  area  of  the  heater,  we  have  -^oqq   "  19.02  sq.  ft.  free  area. 

From  the  tables  in  the  manufacturers'  catalogoues,  a  pipe  coil  may  be  selected  with  /*  >■  17.1  sq.  ft.. of  heating 
surface  per  sq.  ft.  free  area.  The  number  of  stacks  of  pipe  coils  deep  required  can  be  calculated  from  Formula 
7,  p.  1122' 

9^-Ji         f'N 

*  «.-fli  "  0.1118  V  +  127 
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Table  27. — Friction,  Abbas  of  Squabb  Flubs,  and  DisgharoiI  in  Cu.  Ft.  per  Min.  for 

Square  Ducts  for  Use  in  Gravity  Ventilation^ 


o  •« 

is  • 

r.      M  -  *H 

Areas  of  ducts  in  square  feet 

0.5 

0.8 

1 

1.5 

2 

2.6 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

20 

25 

0.03 

1 
240 

204 

450 
360 
315 

600 
492 

1020  1500 

1980 

1620 

1410 

1140 

1050 

1020 

924 

858 

798 

700 

2550 
2070 
1770 
1470 
1380 
1260 
1178 
1104 

3720 
3000 
2580 
2070 
2010 
1860 
1680 
1600 

4980 
4020 
3540 
2760 
2640 
2520 

6240 
5040 
4380 
3540 
3360 
3150 

7800  9000 

10800 

12100 

15600 

21000 

1 

1 
1 

0.02 

840 

1200 
1050 
870 
810 
774 
720 
648 
582 
516 

6240 
5400 
4320 
4080 
3840 
3570 
3300 
3000 
2640 
2280 
1890 
1590 
1260 
1140 
1000 

8100 
6C00 
5220 
4920 
4620 
4320 

8400 

10200 

12600 

16800 

1 

0.015 

168 
141 

420 

720 
6^0 
540 
510 
474 

7800 

8520 

10800 

14400 

20000 

28500 

0.01 

252 
240 

336 
324 

6000 

6900 

8700 

11700 

16800 

22800 

0.009 

132 

120 

111 

107 

99 

84 

72 

6700 

6720 

8100 

11100 

16200 

21600 

0.008 

225 

300 

6280 

6120 

7800 

10620 

15600 

20700 

0.007 

210 
192 
174 
156 
144 

276 
255 
234 
210 
180 

2310 
2130 

2880 
2700 

4980 

6760 

7200 

9780 

14400 

19200 

0.006 

432 
396 
854 
300 
240 
210 
171 
150 
130 

4020 
3600 
3240 
2790 
2220 
1968 
1560 

4620 

5280 
4800 

6720 

8880 

13200 

17100 

0.005 

1002 
882 
780 

1440 
1260 
1098 

1980 
1710 

2460 
2190 

4200 

6000 
5400 
4656 

8400 

11880 

15600 

0.004 

8720 

4260 
8660 
2940 
2520 

7200 

10800 

14400 

0.003 

444 

360 
318 
252 

220 
192 

588 
480 
408 
330 

1470 

1200 

1032 

834 

1920 
1500 
1290 
1056 

3240 
2580 

6180 

9000 

12000 

0.002 

68 
50 
40 
36 
31 

108 
91 
75 
67 
57 

144 

126 

102 

90 

76 

606 
522 
420 

834 
774 
612 
540 
468 

3720 

5040 

7380 

9780 

0.0015 

2190 
1770 

3240 

4290 

6360 

8400 

0.001 

2040 

2580 

3480 

5100 

6900 

0.0008 

294 
260 

381 
327 

740 
636 

924 

792 

1410 
1180 

1620 

1800 

2280 

3120 

4500 

6000 

0.0006 

1380 

1600 

1980 

2670 

8840 

5160 

*  From  "  Mechanics  of  Heating  and  Ventilation  "  by  Conrad  Meier 
Factor  for  round  pipes  —  0.87 

f  1  X  2  -  1.07 
Factors  for  rectangular  J.l  X3  -  1.18 
shapes  I  1  X  4  -  1.3 

1  X  5  -  1.43 


V  1    *f     .  Discharge  per  minute 


Area  at  top  of  column 


where  f  is  the  square  feet  of  heating  surface  per  square  foot  of  free  area  for  one  stack.  These  initial  and  finsl 
temperatures  are  given  in  all  manufacturers'  catalogues.  Utilising  the  above  formula  and  substituting  proper 
values  in  the  above  equation 

227  deg. 10  deg.  17.1  JV 


Log 


(0.1118  X  1200)  +  127 


jy^  -  - 


•   227  -  130 
Log  2.4433       0.3879768       ^ ««  •       .       ,». 

0  0654"  "      0  Q655     "  ^•®*  stacks  of  pipe  coils  deep,  or  6. 


If  the  air  is  recirculated  in  extreme  weather,  which  is  advisable  due  to  expense  of  steam  or  fuel  when  the  outside 
temperature  is  about  10  deg.  F.  above  sero,  the  number  of  se'^tions  required  would  be: 


Log 


(227  -  70)        Log  1.6186       0.2091395 


—  3.2  or  4  stacks  deep. 


(227  -  130)  0.0655  0.0665 

Put  in  4  stacks  and  recirculate  or  raise  the  steam  pressure  when  below  10  deg.  F.,  or  recirculate  a  portion  of  the  sir 
in    extreme    weather. 

The  total  heating  surface  of  the  stack  is  6  X  17.1  X  19.02  »  1950  sq.  ft.  surface. 

The  friction  through  the  heater  will  be  that  due  to  a  velocity  of  1200  ft.  per  min.     The  oondensation  at  5-Ib. 

pressure  will  be,  with  air  at  - 10  deg.  F.,  measured  at  70  deg.  F.    '  g' —  «  3590  Jb.  steam  per  hr.     If  H  the  sir 

is  recirculated  in  10  deg.  ip.  weather,  the  rise  in  temperature  will  be s" ■*  ^0  deg.     The  condensation  will 

100 
then  be  for  a  difference  in   temperature  of  130  deg.  —  30  deg.  -  100  deg.,  or  jTq  X  3690  -  2564  lb.  per  hr.     If  sll 
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the  air  is  recirculated,  the  rioe  in  temperature  will  be  130  deg.  —  70  deg.  ■■  00  deg.,  and  the  condensation  will  be 
2564  X  0.6  ->  1540.0  lb.  steam. 

Using  Diagram  6,  we  have  B'n  =  227  deg.  F.,  ^i  =  -10  deg.  F.,  6%  -  130  deg.  F.,  e\  -  Bt 

=  97  deg.  F.,  ^.  —  ^1  «  237  deg.  F.     Select  the  abscissa  on  the  middle  chart  and  move  up  to 

curve  6%  —  Ot  —  97  deg.  F.,  select  the  ordinate  at  this  intersection  and  move  to  the  right  to 

the  curves  for  1200-ft.  per  min,  velocity  which  gives /for  pipe  coils  —  102.5  and  for  Vento  =  115. 

This  ordinate  is  the  one  next  to  the  heavy  line  illustrating  a  previous  problem. 

Using  a  coil  with  f  »  17.1  sq.  ft.  per  sq.  ft.,  the  number  of  stacks  of  4  row  sections  deep  is  .»  '..    ■■  6  deep  or 

24  rows  of  pipes,  wnich  checks  with  the  analytical  work.  Total  surface  ■>  19  sq.  ft.  X  6  X  17.1  ->  1950  sq.  ft* 
Moving  on  the  same  ordinate  to  the  left  to  curves  for  $t  —  9\  f^  140  deg.  F.  and  moving  up  the  abscissa  at  this  inter- 
section, we  have  9%  —  9m  ^  157  deg.  F.,  and  from  Diagram  5  we  have  k  for  pipe  ooils  *  11.4  B.t.ii. 

1950  X  167  deg.  X  11.4  -  3.490.000  B.t.u. 

In  ease  a  Vento  section  is  used,  select  from  Table  20  the  regular  section,  5^-in.  oenteiBt  f  ■■  1^0^  7341I.  bdlsht* 
1.303  sq.  ft.  free  area  per  section. 

TTT,  "  8  stacks  deep 
19.02  sq.  ft.  total  free  area  . 

1.303  sq.  ft.  free  area  per  section  "* 

15  sections,  8  deep  X  19  sq.  ft.  ■•  2280  sq.  ft.  of  heating  surface. 

From  Diagram  5,  using  cast-iron  Vento  with  1200-ft.  per  min.  velocity,  and  9t  —  9m  ■■"  155  deg.  F..  155  deg. 
X  10.2  B.t.u.  X  2280  sq.  ft.  <■  3,605,780  B.t.u.  By  selecting  a  section  with  the  correct  factor  /,  or  changing  the 
velocity,  the  most  economical  section  may  be  selected. 

Assuming  the  condition  of  one-half  the  entering  air  recirculated  or  an  average  entering  temperature,  9\  -iSO 
deg.  F.,  *.  -  227  deg.  F.,  9%  -  130  deg.  F..  9,  -  9x  ~  197  deg.  F.,  9,  -  9t  -  97  deg.  F.,  and  tfi  -  tfi  -  100  deg.  F. 
Selecting  Diagram  6  as  before,  9»  —  9\  '^  197  deg.  F.  and  curve  9*  —  ^  >*  97  deg.  F.,  we  have  /  for  the  Vento 
«  90  and  for  pipe  coils  "-80.     9,  —  9m  for  both  is  140  deg.  F.,  using  curve  9t  —  9\  »  100  deg.  F.,  and  the  same 

ordinate. 

80 
Pipe  ooils  win  require,  if  /  is  19.6  (Table  23),  Tg~Q  -'4.1  sections  deep,  say  4  sections,  with  slightly  higher 

velocity  or  greater  area.  The  square  feet  of  heating  surface  or  19.02  sq.  ft.  free  area  *  19.6  X  19.02  X  4  »  1489.6 
sq.  ft.  in  the  coil.  4  sections,  4  pipe  deep.     Then  1500  sq.  ft.  X  11.4  B.t.u.  (Diagram  5)  X  140  deg.  -  2,394,000 

B.t.u.  per  hr.    ^* -p* —   »  2500  lb.,  which  checks  with  previous  analytical  worlc. 

Assuming  50-in.  Vento,  f  "  14.92,  5H'Vi-  centers,  0.905  sq.  ft.  free  area  per  section,  and  13.5  sq.  ft.  surface 

90 
per  section,  we  have  (Table  20)  TTgo  "*   ^  sections  deep. 

19.02  total  sq.  ft.  free  area 

21  sections 


0.905  sq.  ft.  free  area  per  section 

21  sections  X  6  X  13.6  —  1700  sq.  ft.  of  heating  surface  in  the  stack. 
Diagram  5  gives  10.4  B.t.u.  for  1200  ft.  velocity. 

S^T'tTT —   ■■  2576  lb.  steam  per  hr.,  which  also  checks. 
vol  Jt>.t.u. 

Diagrams  5  and  6  will  enable  any  problem  in  handling  air  to  be  solved,  either  gravity  or  fan  work,  if  the  square 
feet  of  surface  per  square  foot  of  area  /'  is  known.  This  takes  the  place  of  all  the  voluminous  tables  in  the  Vento 
book  and  those  published  by  blower  companies. 

29.  Duct  Systems. 

29a,  Trunk  Line  Ducts. — Fig.  31  shows  a  layout  for  trunk  line  duct  with  30 
outlets  with  a  capacity  of  1000  cu.  ft.  for  each  outlet.  We  will  allow  the  lowest  velocity  at 
1000  ft.  per  min.  for  the  longest  line  of  210  ft.  -  Diagram  8  gives  for  2(X)0  cu.  ft.  (for  the  2  outlets 
on  this  line)  a  20-in  round  duct  and  0.09  in.  friction  per  100  ft.  For  all  branch  ducts,  use  0.09 
in.  per  100  ft.  and  for  the  main  truck  use  0.1.  In  using  chart,  follow  up  the  0.1-in.  line  until  it 
intersecta  at  right  angles  the  discharge,  and  the  nearest  velocity  and  size  pipe  to  this  intersec- 
tion will  be  the  proper  ones  to  select.  Referring  to  letters  on  Fig.  31,  Table  28  gives  the  result- 
ing readings.  The  duct  lines  are  Fized  for  practically  the  same  drop  per  100-ft.  run  and  the 
velocities  at  the  outlet  are  regulated  by  volume  dampers  set  at  the  proper  point.  The  opening 
of  the  nearby  dampers  will  be  much  less  than  those  at  the  end  of  the  line.  These  are  set  with 
an  anemometer  after  installation  as  the  pressure  near  the  fan  is  much  greater  than  at  the  remote 
parts  of  the  system.  Flaring  reducers  may  be  used  to  reduce  the  velocity  to  the  same  rate  for 
all  outlets. 
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CU.0. 


cuft 


Fia.  31. — ^Trunk  line  duct  system. 

Table  28 


No. 

Capacity 

(cu.  ft.  per 

min.) 

Diameter 

(in.) 

Veloticy 
(ft.  per  min.) 

Friction  (in. 

of  water  per 

100  ft.) 

Length 
(ft.) 

Friction  (in. 

of  water  for 

entire 

length) 

Total 

friction  (in. 

of  water) 

K 
J 
I 
H 

D 
C 

B 
A 

KJIH 
E 
F 
0 

30,000 
28.000 
26.000 
24.000 

8.000 
6.000 

4.000 
2.000 

2.000 
4.000 
6.000 

56 
55 
54 
62 

34 
30 

26 
20 

18 
24 
27 

1.800 
1.700 
1.650 
1,600 

1,275 
1.200 

1.060 
900 

•   *   •   • 

1,100 
1.250 
1.500 

0.110 
0.100 
0.0975 
0.09 

0.09 
0.09 

0.085 
0.075 

•    •    •   • 

0.13 
0.13 
0.15 

10 
30 
30 
30 

30 

EII25 

Tee  30 

30 

30 

•   • 

30 
30 
30 

0.011 
0.03 
0.0293 
0.027 

0.027 
0.0495 

0.0255 
0.0225 

0.2218 

0.0973 
0.039 
0.039 
0.045 

0.2203 



1 
1 

The  total  drop  in  friction  K,  J,  I,  H,  D,  C,  B,  A  (Table  28) 0.2218 

The  friction  through  the  heater  6  sections.  1200  ft.  velocity,  Table  23  gives  ABC  coil  @  1000  ft. — 24  pipes 
0.186  in.  water  0.186  X  (1.2)«  in.  water 0.268 

900 
Velocity  head  1800  ft.  per  min.  or  30  ft.  per  sec.  .  —  0.2 

Allow  50  %  duct  loss  for  obstructions 0.11 


Total 0.7P98 

in.  water 

A  pressure  head  of  1.25  in.  water  on  fan  will  be  ample.     The  horsepower  of  the  fan  will  be  as  foUowis: 

Let  //  ■■  head  in  inches  of  water  »  1.25  in. 

Q  -  cu.  ft.  of  air  at  70  deg.F.  per  min."  -  30.000  cu.  ft. 

5^2//Q 

33.000 

In  such  calculation  take  fan  efficiency  at  50  %  although  it  may  run  from  40  to  60  %. 
5.2  X  30.000  X  1.25  in. 


33,000  ft.-lb.  -  1  hp.        hp. 


hp.- 


33,000  X  0.5 


—  12  hp.,  or  say  15-hp.  motor. 


20&.  Separate  Ducts. — Fig.  32  is  a  layout  for  separate  ducts  for  each  flue  or 
room.  In  this  case  there  will  be  the  same  drop  in  the  total  length  of  each  duct,  varying  the 
area  and  velocity  to  accomplish  this,  rather  than,  as  in  the  former  case,  having  nearly  the  same 
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drop  per  unit  aS  length.     Also  it  is  desriable  to  use  rectangular  ductR  bo  that  tbey  will  lie  close 
together.     We  will  make  H  and  K  double  the  depth,  or  24  id.,  while  the  others  will  be  12  in. 
TJsing  Diagram  S  as  before  and  0.21  Id.  for  the  total  drop  in  each  duct,  we  have 


No. 

outlet 

No, 
lecitter 
outleU 

Cnpaeity 
outlet 

ToU          Length 

cspMity            of 

{tu.  fl,           pipe 

per  min.)        (feet) 

1 

Dtop 
per  100  fl- 
ail X  100 

(in,  ol  -«ter) 

Dikmelw  of 
pipe 
(in.) 

Velocity 
(ft,  per  min.) 

(in.) 

C 

D 

I.E. 
J.F. 

a 

2 
Z 

9 

1000 
1000 

1000 

1000 

BOOO 
2000 

2000 

2000 

flOOO 

2000 
4000 

70 

130 
IflO 

190 
220 

0 
0 

3 

21 

lai 

131 

oes5 

.8 
IW 

IIM 

I3M 

14 

18M 
19 

ISOO 

MOO 
1200 

JOOO 
060 

6X  12 

12X12 

H  X  12 

10  X  12 
18  X  12 
IS  X  24 
18  XM 

The  total  drop  in  the  abova  lyiteni  will  h 
eeppciiUlT  where  tampered  eir  at  TO  deg.  P.  a 
■ired  temperature  it  obtained  by  the  uae  of  ll 


the  ume  u  for  FIc.  31.  This  eystsm  is  oft* 
1  higher  ■■  deaired  for  «>in)nii«l  he*tin(  nnd 
rmoatalically  controlted  mliinc  damper*.    . 


Pio.  32. — Bepamtednctaystem. 


t»|  c  J  r     rw  r^    D  I   J 

Pio.  32A.— Cros  section  th 


that  the  hwt  oaniod  by  Ih 


separate  durt  system  (Pik.  32). 
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If  the  air  for  ventilation  is  raised  3  to  5  deg.  above  the  room  temperature,  it  will  be  sufficient  for  warming.  This 
will  give  an  entering  temperature  of  73  to  75  deg.  F.  The  heater  must  be  designed  by  the  same  method  as  before 
but  with  greater  area  and  less  rise  in  temperature. 

As  a  general  rule,  ventilating  system  should  not  be  combined  with  the  heating  system.     Separato  heating 
systems  should  be  provided,  in  addition  to  the  ventilating  system,  for  the  sake  of  economy. 

80.  Fans  and  Blowers. — Power  fans  should  be  used  for  all  ventUation.  Such  equipment 
can  be  obtained  in  a  variety  of  forms,  convenient  and  economical  to  operate.  There  are  several 
types  of  fans,  each  having  its  characteristics. 

Disk  fans,  which  are  used  for  ventilation,  will  remove  the  air  from  a  room  or  supply  air  for 
any  purpose  Where  large  volumes  are  desired  at  low  resistances.  It  is  not  economical  to  operate 
them  on  a  duct  system  against  any  appreciable  resistance.  The  "  Ventura  "  fan  and  the  "  Black- 
man"  fan  are  built  up  to  10  or  12  ft.  in  diameter  and  make  excellent  exhaust  fans.  Cone  fans 
will  produce  considerable  pressure  and  they  need  no  housing. 

The  old  type  of  paddle  wheel  fan  is  built  by  all  fan  manufacturers.  The  width  is  about  K 
the  diameter  and  the  wheel  diameters  are  generally  from  2  to  16  ft.  The  housings  come  the 
same  as  for  other  fans,  with  various  arrangements  for  the  outlets  and  inlets.  They  are  excellent 
where  a  slow  speed  is  desired,  as  when  operated  by  an  engine,  although  they  take  up  a  great 
deal  of  space. 

In  selecting  fans  the  important  points  to  look  for  are  to  see  that  they  are  perfectly  balanced  and  have  ofl  wells 
with  ring  bearings.  The  speed  should  not  be  over  a  mile  a  minute  for  the  periphery  of  the  wheel.  At  speeds  higher 
than  this  any  fan  is  apt  to  be  noisy. 

MultibkicU  Fans. — This  type  has  a  very  large  inlet  nearly  the  full  diameter  of  the  wheel,  with  a  soies  of  narrow 
blades  set  close  together  in  the  rim.  They  are  coming  quite  generally  into  favor  due  to  the  small  space  required  for 
a  given  cax>acity  as  compared  with  the  paddle  wheel  type. 

This  type  of  fan  was  introduced  by  John  Davidson  of  Belfast,  Ii  eland,  and  exploited  by  the  American  Blower 
Company.  Other  companies  followed  and  varied  the  design  for  selling  purposes.  They  are  known  as  the  "Sir- 
rooo,"  Multivane,  Gonoidal,  Pleziform,  and  others,  depending  on  the  company  selling  them. 

These  fans  are  well  adapted  for  high  speed  prime  movers,  such  as  turbines  or  motors.  For  large  capacities 
they  are  built  double  width  with  two  inlets,  requiring  a  small  space  and  diameter  with  low  headroom. 

AH  fan  manufacturers  issue  detailed  Information  concerning  their  product.  Fan  problems  should  be  taken  up 
with  these  companies  direct,  as  limited  space  prevents  a  more  extended  treatment  of  the  subject.  Multivane 
fans  have  different  characteristics  peculiar  to  each  type  manufactured. 

Attention  should  be  called  to  the  use  of  disc  ventilating  fans  in  connection  with  long  vertical  flues  for  exhaust- 
ing air.  The  capacity  of  the  flue  under  natural  draft  should  be  determined  first,  as  in  many  cases  the  velocity  from 
natural  draft,  due  to  height,  is  such  that  the  fan  and  motor  add  nothing  but  actually  reduce  the  capacity. 
In  all  cases  requiring  pressure  and  positive  action  against  resistance  the  multivane  type  is  the  one  to  use.  More 
positive  action  is  also  obtained  by  driving  the  air  through  a  duct  system  than  by  exhausting  it,  that  is,  placing 
the  duct  system  on  the  discharge  of  the  fan  rather  than  on  the  suction  side. 

81.  Allowance  for  Fittings. — Tables  30  and  31  give  the  corrections  for  elbows  and  fittings 
for  steam,  water,  and  air.  The  writer  generally  allows  for  these  in  the  total  head  as  they  occur 
on  all  circuits  in  about  like  proportion.  Due  to  the  fact  that  construction  may  not  be  in  accord- 
ance with  the  calculated  assumption  and  these  calculations  are,  at  best,  not  accurate,  the  writer 
believes  it  better  to  allow  in  the  total  available  head  for  friction  in  elbows  and  other  fittings. 
Steam  and  water  fittings  have  a  great  resistance  when  reducing  on  the  run  and  these  can  be 
avoided  in  most  cases  in  designing.  With  long  turn  ells  on  large  ^sizes,  in  case  of  water,  the 
losses  are  minimized .    The  table  is  given  in  case  it  is  desired  to  include  them  in  this  class  of  work. 


Tablb  30. — ^Resistance  op  90-Dbg.  Elbows 


Radius  of  throat  of  elbow  in 
diameters  of  pipe 

67.0 

>i 

H 

1 
10.0 

7.5 

IH 
6.0 

6.0 

2 
4.3 

2H 
4.5 

3 

3H 

4 

4H 

5 

6.0 

Number  of  diameters  of  straight 
pipe  offering  equivalent  resistance 

30.0 

16.0 

4.8 

5.0 

5.2 

5.5 

5.8 
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Table  31. — Equivauent  Length  of  Straight  Pipe  for  Fittings  and  Valves 


Sue  of  pipe 
(inohes) 

1 

IK 

IH 

2 

2H 

3 

3H 

4 

6 

6 

7 

8 

10 

Steam  ell 

1.6 
2.0 
2.0 

3 
4 
3 

3.5 
6.0 
3.6 

6.0 
7.0 
4.6 

6 

10 

6 

9 

14 

7 

11 

17 

9 

13 
24 
10 

19.0 
37.0 
14.5 

24.0 
44.0 
17.6 

29 
63 
19 

36 

61. 

21 

41.0 
78.0 
26.6 

Globe  valve , 

Gravity  water 

1. 

NoU. — Long  torn  ella  should  be  uaed  on  aU  steam  and  water  on  the  larger  sisee.  Gate  valves  should  be  used 
instead  of  globe  valves.  Reduoing  fittings  should  be  avoided  on  the  run.  High  pressure  steam  does  not  matter 
as  alight  inereases  of  pressure  will  obviate  the  matter  and  the  max  imum  load  is  seldom  carried. 


BOILERS,  FUELS,  AND  CHIMNEYS 
82.  Types  of  Boilers. — The  different  types  of  boilers  may  be  classed  as  follows: 


(1)  Water  tube 


(2)  Fire  tube 


(3)  Sectional  (Cast  iron) 


a.  Internally  fired 


6.  Externally  fired 

a.  Round 
h.  Sectional 
c.  Watertube 


Scotch  Marine 
Locomotive 
Fire  box  boilers 

{ Horizontal  tubular 


The  boiler  proper  is  the  heat  absorbing  surface  interposed  in  the  passage  between  the 
grate  and  the  chimney  to  absorb  the  heat  from  the  hot  gases  produced  by  the  combustion 
of  the  fuel.  Its  function  is  separate  and  distinct  from  the  combustion  system  composing  the 
g^te  and  chimney. 

88.  Requirements  of  a  Perfect  Boiler. — The  writer  cannot  improve  on  G.  H.  Babcocks's 
requirements  for  a  perfect  boiler  published  in  Steam  and  they  are  just  as  true  today  as  ever. 
They  are  as  follows: 

(1)  Proper  workmanship,  simple  construction,  and  using  materials  which  experience  has  shown  to  be  the  best 

(2)  A  mud  drum  removed  from  the  action  of  the  fire  to  receive  all  impurities  deposited  from  tlie  water. 

(3)  A  steam  and  water  capacity  sufficient  to  prevent  any  fluctuation  in  steam  pressure  or  water  level. 

(4)  Water  surface  for  the  disengagement  of  the  steam  from  the  water,  or  suflScient  extent  to  prevent  foaming 
and  luiming. 

(5)  A  constant  and  thorough  circulation  of  the  water  throughout  the  boiler  so  as  to  maintain  all  parts  as  near 
the  same  temperature  as  possible. 

(6)  Water  space  divided  into  sections  so  arranged  that  should  any  section  fail,  no  general  explosion  will  occur 
and  the  destructive  e£feots  ^  ill  be  confined  to  the  escape  of  the  contents.  Large  and  free  passages  between  the  dif- 
ferent sections  to  equalise  the  water  line  and  pressure  in  all. 

(7)  A  great  excess  of  stiength  over  any  legitimate  strain,  the  boiler  being  so  constructed  as  to  be  free  from 
unequal  expansion  strain,  and,  if  possible,  to  avoid  all  joints  exposed  to  the  direct  action  of  the  fire. 

"(8)  Have  the  combustion  chamber  so  arranged  that  the  combustion  of  the  gases  started  in  the  furnace  shall  be 
completed  before  escaping  to  the  chimney. 

(0)  The  heating  surface  as  neaily  as  possible  at  right  angles  to  the  currents  of  heated  gases  so  as  to  break  up  the 
currents  and  extract  the  entire  available  heat. 

( 10)  All  parts  readily  accessible  for  cleaning  and  repairs  both  inside  and  outside.  This  is  of  the  greatest  im- 
portance. 

(11)  Proportioned  for  the  wwk  and  capable  of  working  to  the  full  capacity  with  the  highest  economy. 

(12)  EJquipped  with  the  very  best  trimmings,  gages,  safety  valves,  and  fixtures,  not  forgetting  instruments  of 
piecision  in  order  to  determine  the  leoord  of  performance. 

( 13)  Straight  tubes  are  better  than  curved  tubes  both  in  cleaning  and  replacements  as  curved  tubes  are  some- 
times hard  to  obtain  in  an  emergency. 
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84.  Heating  Surface. — -The  heating  surfaces  are  classed  as  (1)  direct  fire  surface  or  that 
exposed  to  the  direct  rays  of  the  fire,  absorbing  heat  both  by  radiation  and  convection;  (2) 
indirect  surface  or  that  which  absorbs  heat  by  convection  only,  and  (3)  superheating  surface; 
or  that  which  has  steam  instead  of  water  on  one  side.  The  average  absorption  of  power  boilers 
is  from  2000  to  3000  B.t.u.  per  sq.  ft.  of  heating  surface  per  hr.  The  American  Radiator  Com- 
pany claims  an  absorption  of  10  B.t.u.  per  sq.  ft.  per  deg.  difference  for  direct  heating  surface 
and  for  indirect  or  flue  surface  for  a  difference  in  temperature  of  from  800  to  900  deg.  between 
the  water  and  gases,  3.5  B.t.u.  per  sq.  ft.  per  deg. 

This  means  that  the  direct  fire  surface  has  a  greater  value  by  4  or  5  to  1  than  flue  surface 
in  a  boiler.  At  the  same  time,  these  higher  temperatures  require  a  more  intense  fire  and  greater 
attention. 

86.  Water-tube  Boilers. — These  are  used  where  large  units  are  required  to  economize 
space  and  obtain  high  rates  of  combustion  in  order  to  carry  heavy  overloads  as  well  as  a  wide 
range  of  power  load,  thus  reducing  the  number  of  boilers  and  fires.  Most  of  them  are  composed 
of  small  cylindrical  units  with  thin  walls,  capable  of  withstanding  high  pressures.  All  are  sold 
and  rated  on  10  sq.  ft.  of  heating  surface  per  horsepower.  The  heating  surface  beinjg  in  tubular 
and  cylindrical  forms,  is  fairly  easy  to  check.  Nearly  all  water-tube  boilers  require  brick  settings, 
and  are  erected  in  sections  so  that  they  may  be  taken  into  buildings  through  small  openings. 

86.  Fire-tube  Boilers. — As  the  name  indicates,  the  heating  surface  of  these  boilers  consists 
of  tubes  surrounded  by  water  and  through  which  the  hot  gases  pass  and  are  known  as  internally 
and  externally  fired. 

The  Locomotive  and  Scotch  Marine  are  the  most  common  types  of  internally  fired  boilers, 
while  the  horizontal  tubular  is  externally  fired.  The  locomotive  type  has  a  fire  box  formed  of 
the  extension  of  the  shell  or  barrel  containing  the  tubes.  The  sides  and  top  of  the  fire  box  are 
annular  and  require  careful  staying  due  to  the  fact  that  the  surfaces  are  flat  and  wiU  not  with- 
stand pressure  like  cylindrical  sections.  They  are  short  lived  where  bad  water  is  used  due  to 
collection  of  scale  on  surfaces  exposed  to  the  fire.  The  type  used  for  stationary  heating  practice 
is  called  a  fire  box  boiler. 

The  Scotch  Marine  boiler  conaasta  of  a  large  cylinder  with  corrugated  circular  fire  boxes  passing  from  head  to 
head,  the  grates  setting  in  the  lower  portion  of  the  fiie  box:  It  may  be  built  from  8  to  20  ft.  in  outside  diaznpter 
and  sometimes  has  3  fire  boxes.  It  may  also  be  arranged  to  be  fired  from  both  ends.  The  circulation  of  the  water 
under  the  corrugated  fire  boxes  is  poor  due  to  the  dead  space  under  the  fire  except  when  on  a  ship  at  sea.  On 
land  the  circulation  is  remedied  by  using  a  small  pump  to  circulate  the  water  from  the  bottom  to  the  top.  No  brick 
work  is  required,  and  the  fire,  ash  pit,  etc.,  are  all  surrounded  by  heating  surface  and  water.  The  sheU,  howcrer, 
needs  to  be  well  insulated.     Ck>mbustion  arches  are  sometimes  used  of  masonry  to  aid  combustion. 

The  horizontal  tubular  boiler  is  the  most  common  type  of  boiler  used  in  stationary  practice.  It  is  a  simple 
shell  partially  filled  with  tubes  set  in  brick  work  and  is  one  of  the  most  reliable,  and  when  well  set  will  equal  any 
boiler  in  economy.  All  shell  boilers  are  limited  as  to  pressures  and  capacity  by  the  diameter  and  thickness  of  shell 
exposed  to  the  fiie.     The  riveting  of  the  shell  and  bracing  of  the  heads  are  important  details  of  construction. 

The  Hartford  Steam  Boiler  and  Inspection  Company  furnishes  specifications  and  details  of  the  best  prartice 
in  the  setting  and  construction  of  these  boilers.  Care  must  be  exercised  that  sufiicient  entrance  space  is  alwaj's 
provided  for  erection  in  buildings. 

87.  Settings. — Boilers  should  be  set  with  hard  brick  with  lime^  mortar.  Little  cement  is 
used  due  to  the  possibility  of  cracking.  Furnaces  and  sides  up  to  the  lugs  should  be  lined  with 
fire  brick  set  in  fire  clay.  A  slow  fire  should  be  started  and  kept  going  until  the  setting  is  thor- 
oughly dry  to  avoid  cracking.     The  top  may  be  covered  with  a  course  of  brick  or  pipe  covering. 

In  the  past  domes  were  provided  to  furnish  dry  steam  but  due  to  weakening  the  shell, 
they  are  generally  omitted  and  dry  pipes  furnished. 

Proper  foundation  should  be  placed  under  the  walls  with  a  sufficient  thickness  and  spread  to  carry  the  boile 
without  settling.  Buck  stays  and  tie  rods  are  used  to  hold  the  side  walls  in  place  and  keep  them  from  spreading 
but  they  should  never  be  used  longitudinally.  The  boilers  are  supported  in  two  ways:  (1)  directly  on  the  walls  by 
means  of  lugs  riveted  to  the  shell  resting  on  the  brick  walls,  and  (2)  by  means  of  4  steel  columns,  one  at  each  corner 
of  the  setting,  supporting  a  steel  beam  from  which  one  or  more  boilers  may  be  suspended  with  suspension  rods 
rivet€Ki  to  eye  bolts  on  each  side  of  the  shell.  By  this  method  of  suspension  the  boilers  are  supported  entirely 
independent  of  the  brick  setting.  With  the  lug  method,  two  lugs  are  used  on  each  side,  resting  on  plates  on  the 
brick  work,  the  rear  lug  having  bearing  roUs  so  as  to  provide  for  expansion. 

Settings  may  be  found  in  all  boiler  manufacturers'  catalogues. 
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38.  Area  of  Grate. — The  rate  of  coal  consumption  per  square  foot  of  grate  may  be  anything 
for  which  the  combustion  system  is  designed  by  taking  the  maximum  power  load  in  horsepower 
and  reducing  it  to  terms  of  fuel  per  hour.  From  10  to  25  lb.  of  soft  coal  may  be  burned  per  sq. 
ft.  of  grate  per  hour.  Horizontal  tubular  boilers  generally  have  a  grate  surface  equal  to  the 
square  of  the  diameter  of  the  shell.  This  is  often  lengthened  a  foot  or  two  where  a  slow  rate  of 
combustion  for  heating  purposes  is  desired,  for  coal  capacity  and  to  reduce  periods  between 
firings,  or  for  purposes  of  operating  at  overloads. 

89.  Rating. — The  36  to  42-in.  boilers  are  rated  at  12  sq.  ft.  of  heating  surface  per  horsepower 
and  all  above  that  at  10  sq.  ft.     They  are  built  in  units  up  to  355  hp.  with  96-in.  shells  22  ft. 

long.     To  reduce  the  ratings  to  standard  square  feet  of  steam  radiation,  multiply  by  —  ^     ' - 

It  would  be  .advisable  when  smaller  sized  fire-box  boilers  are  used  under  low  pressure  for 
heating  purposes,  to  increase  the  heating  surface  per  horsepower  to  12  and  15.  These  catalogue 
ratings  are  simply  a  measure  of  the  amount  of  boiler  or  heating  surface  being  {fUrchased,  for  both 
buyer  and  seller  are  equally  able  to  check  the  size  and  heating  surface.  They  have  little  to  do 
with  the  rating  under  which  the  boiler  may  ultimately  be  operated  in  actual  service.  The  heat- 
ing surface  per  horsepower  increases  as  the  load  decreases.  Thus,  if  a  boiler  were  operated 
under  60  %  of  its  rating  in  service,  the  square  feet  of  surface  per  horsepower  would  be,  if  12  sq. 
ft.  were  the  standard  at  full  load,  20  sq-f t.  of  heating  surface  per  horsepower. 

Any  power  boilen  may  be  used  for  gravity  or  forced  hot  water  circulation,  and  the  water  may  be  circulated 
directly  through  it;  In  the  case  of  forced  hot  water  circulation,  the  velocity  of  the  water  over  the  surface  enables 
it  to  be  reduced  to  about  6  sq.  ft.  of  heating  surface  per  hp.  of  work.  In  some  cases  the  shells  of  horisoBtal  tubular 
boilers  have  been  qpmpletely  filled  with  tubes  for  this  purpose.  This  is  of  no  advantage  and  makes  the  boiler 
ioaocesaible  for  inspection  and  the  added  tube  heating  surface  is  inefficient. 

In  determining  the  size  of  a  power  boiler,  multiply  the  B.t.u.  loss  by  1.3  and  divide  by  33,500  B.t.u.  to  obtain 
the  boiler  horsepower,  and  use  12  sq.  ft.  of  heating  surface  per  horsepower  for  small  sises  and  10  for  large. 

40.  Cast-iron  Boilers. — Cast-iron  boilers  are  built  in  sections  so  as  to  ga  into  inaccessible 
places  and  through  small  passages.  This  method  of  constructon  makes  the.  labor  of  erection 
and  handling  less.  They  are  built  round  and  square,  the  sections  being  connected  with  push 
nipples  or  screwed  nipples  with  headers  and  lock  nut  joints  The  general  proportions  are  % 
direct  fire  surface  and  H  fi^e  surface  due  to  the  draft  resistance  on  low  chimneys.  The  area  of 
grate  should  be  checked,  and  with  the  distance  to  the  center  of  the  fire  door  to  the  grate  the 
possible  fuel  charge  may  be  determined.  Where  low  chimneys  are  used,  the  boiler  selected  should 
have  as  little  flue  surface  as  possible.  Where  a  higher  chimney  is  available,  the  flue  surface  will 
be  of  advantage.  It  is  fdmost  impossible  to  tell  anything  about  the  ratings  and  capacities  of 
cast-iron  boilers  from  the  catalogues  as  the  heating  surface  or  the  draft  resistance  are  not  given. 
One  simply  has  to  take  the  manufacturer's  word  for  the  size  and  trust  to  experience. 

It  is  possible  by  proper  firing  on  house  heating  boilers  to  burn  soft  coal  with  little  smoke*. 
If  the  fuel  is  fired  at  the  front  of  the  furnace  and  allowed  to  coke,  as  the  distilled  gases  pass  over 
the  incandescent  fuel  bed  at  the  rear,  good  results  may  be  obtained. 

The  American  Radiator  Comi>any  and  Hart  and  Grouse  (Royal)  use  the  Hawley  down  draft  which  is  composed 
of  an  upper  water  grate.  The  former  uses  cast  iron  and  the  latter  uses  a  grid  of  extra  heavy  wrought-iron  pipe  on 
which  the  green  fuel  is  fired.  The  upper  fire  door  is  left  open  to  supply  the  air  which  passes  dowh  through  the  green 
fuel  bed  to  the  bed  of  coked  coal  on  the  lower  grate.  This  lower  fire  distills  the  coal  above  and  consumes  the  gases. 
After  the  coal  is  coked  on  the  upper  grate  it  is  pushed  or  falls  to  the  lower  where  combustion  is  completed. 
These  boilers  need  greater  intensity  of  draft  than  ordinary  types  and  the  construction  of  the  water  grate  should  be 
such  that  expansion  strains  are  avoided,  as  these  create  leaks. 

The  H.  B.  Smith  and  U.  S.  Radiator  Corporation  use  a  form  of  combustion  arch  for  smokeless  boilers.  Both 
these  principles  are  well  known  and  are  efficient.  These  types  of  boilers  are  being  used  on  some  of  the  largest 
buildings  up  to  40,000  and  50,000  sq.  ft.  capacity.  The  down  draft  furnace  is  used  on  any  type  of  power  boiler 
but  stokers  and  forced  draft  are  more  usual  for  they  give  greater  capacity  and  at  the  same  time  smokeless  combus- 
tion. 

The  necessities  of  the  situation  demand  that  heating  boilers  under  2000  sq.  ft.  of  radiation  be  operated  under 
a  wide  range  of  load  with  long  periods  (8  to  10  hr.)  between  firings  thus  engendeiing  low  flue  temperatures  and  poor 
combustions.  Under  conditions  of  low  flue  temi>eratureB,  the  fuel  distills  off  with  incomplete  combustion,  but 
with  higher  flue  temperatures  induced  by  a  higher  combustion  rate,  the  products  of  distillation  are  consumed  and 
more  than  make  up  for  the  loss  engendered  by  the  higher  flue  temperature. 

The  higher  flue  temperatures  and  improved  diaft  increase  the  capacity  of  the  same  boiler  due  to  greater 
73 
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transmiaaiDn  ratea  and  inoreaaed  velooity  of  the  gaaes.  Most  boiler  manufaoturen  reoommend  an  increase  of 
25  to  100  %  in  the  square  feet  of  radiation  installed  when  seleoting  a  boiler  by  catalogue  ratings,  ascribing  the  reason 
to  uncovered  mains,  etc.  For  reasons  already  given,  the  square  feet  of  radiation  should  never  be  used  for  the  deter- 
mination of  the  maximum  boiler  load  although  there  is  no  objection  to  dividing  the  total  B.t.u.  load,  as  determined, 
by ^250  B.t.u.  to  reduce  it  to  the  unit  of  rating  in  manufacturers'  catalogues. 

These  increases  should  be  made,  but  for  entirely  different  reasons,  as  follows: 

1.  The  calculations  for  heat  loss  and  radiation  are  on  a  basis  of  supplying  the  heat  only  to  keep  the  room  at 
70  deg.  F.  with  lero  or  — 10  deg.  F.  outside.  In  case  the  room  drops  to  60  deg.  F.  with  sero  weather  outside,  the 
building  loss  is  reduced  while  the  radiation  transmission  is  increased,  and  all  the  mass  of  the  building,  furniture, 
etc.,  has  to  be  raised  to  70  deg.  F.  before  the  thermometer  will  register  that  temperature. 

2.  In  addition,  if  the  radiation  is  cold,  all  iron  and  water  in  the  system  has  to  be  raised  to  the  working  tempera- 
ture, say  210  deg.  F.  A  certain  portion  of  this  heat  has  to  be  furnished  every  time  the  radiators  are  turned  off  and 
although  not  lost,  it  is  given  out  at  such  times  as  to  be  of  little  use  for  actual  heating.  This  is  an  explanation  of  the 
excessive  fuel  when  intermittent  heating  is  practiced  on  a  large  plant. 

3.  The  time  in  which  these  losses  can  be  supplied  is  dependent  on  the  boiler  capacity.  Theiarger  the  boiler, 
the  shorter  the  time,  irrespective  of  the  t3ri>e  of  heating  system. 

Assume  the  d^to  of  a  previous  problem  with  1,239,000  B.t.u.  per  hr.,  and  5500  sq.  ft.  of  radiation, 
and  with  a  difference  of  (70  —  —10)  80  deg.  between  the  room  and  the  outside.  When  raising  a  room 
temperature,  the  rise  has  to  be  doubled,  or  if  10  deg.  rise  is  required,  the  actual  work  reqidred  will  be  20  deg., 
so  the  heat  required  to  raise  it  10  deg.  or  from  60  to  70  deg.  will  be  *^o  X  1,239,000  -  310,000  B.t.u.  With  8  lb.  of 
iron  per  sq.  ft.  of  radiation,  and  0.12  as  the  specific  heat  of  iron,  the  heat  to  raise  the  iron  from  60  to  210  deg.  will  be: 

Steam  Syttetnt 

(1)  Iron,  5500  X  8  Qb.)  X  0.12  X  150  (deg.)   -*    792,000  B.t.u. 


1,240.000  B.t.u. 


20       1 

(2)  Increment  10-deg.  rise  "  cq  "  T 

(3)  Normal  heat  loss  (O^-^O")  -  7 

(4)  dteam  (medium).  5500  X  0.025  (ou.  ft.) 

X  0.04  (spec,  vol.)   X  1000  «  5500  B.t.u. 

Total  -  2,037,500  B.t.u.  -  165%  of  1,240,000  B.t.u 
Water  Syatem 

Items  (1).  (2),  and  (3)  »  2.032,000  B.t.u. 

(4)  Water  (medium),  5500  X  1.5  Ob.) 

XIX  160(deg.)   -  1,237,500  B.tu. 

Total  *-  3,260,500  B.t.u.  -  266%  of  1,240,000  B.t.u. 

if  it  is  to  be  accomplished  in  one  hour.  If  the  work  is  to  be  done  in  IH  hours,  the  boiler  power  required  would  be 
66  %  of  the  above  items.  As  sero  weather  occurs  seldom  and  the  building  would  probably  not  be  allowed 
to  be  cooled  to  too  low  a  temperature  at  such  times,  130  to  150  %  should  be  ample  if  the  boiler  has  the  actual  capac- 
ity represented.  It  is  possible  with  proper  chimney  and  draft  to  increase  a  boiler  capacity  to  any  reasonable 
extent. 

Boiler  tests  show  that  500  deg.  flue  temperature  and  0  to  7  sq.  ft.  of  heating  surface  per  boiler  horsepower  are 
required  for  economy  of  fuel.  For  a  low  flue  temperature  of  300  deg.  and  long  periods  between  firings,  10  or  12  sq. 
ft.  should  be  provided.  It  has  already  been  found  that  the  proper  load  is  130  %  of  B.t.u.  losses.  Assuming  the  cast- 
iron  boiler  manufacturer  has  rated  his  boiler  on  7  sq.  ft.  per  hp.  of  work,  and  10  is  needed,  we  have  an  increase  of 
143  %  in  the  rating  due  to  lack  of  heating  surfaces. 

Let  S  "■  radiation  in  square  feet  at  250  B.t.u. 

then  1.43  X  1.3  *■  1.859  X  ^S  «■  catalogue  rating  of  the  boiler  to  be  selected.  This  is  about  what  the  manufacturer 
recommends.  See  that  the  chimney  is  designed  for  boiler  selected  and  not  for  the  load.  This  is  at  best  a  guess. 
If  the  heating  surface  and  draft  pressure  (fiue  temperature  and  height  of  chimney)  is  available  from  the  manu- 
facturer, the  problem  is  simplified.  Remember  these  boilers  are  tested  and  rated  with  high  flue  temtteratures. 
good  draft  conditions  and  hard  coal  that  requires  minimum  draft  pressure  which  give  the  greatest  fuel  economy 
with  a  minimum  of  heating  surface. 

In  using  cast  iron  boilers  on  forced  hot  water,  the  static  pressure  will  limit  the  use  of  most  makes  to  40  lb. 
pressure  as  the  test  is  SO  lb.  The  H.B.  Smith  Co.  makes  the  mills  water  tube  boiler  with  nearly  all  direct  surface, 
that  will  stand  200-lb.  test. 

41.  Boiler  Trimmings. — ^All  steam  boilers  must  be  provided  with  steam  gage,  water  column 
with  water  gage  and  try  cocks,  safety  valve,  and  damper  regulator.  Water  boilers  are  provided 
with  thermometers  and  an  altitude  pressure  gage.  All  power  boilers  are  provided  with  the  same 
fittings  or  trimmings  but  of  a  different  type,  generally  two  safety  valves,  blow  off  cocks,  low 
and  high  water  alarm  on  the  water  column's  and  automatic  check  and  stop  valves.  These 
latter  automatically  shut  the  boiler  off  in  case  of  a  break  in  the  steam  main.  All  trimmings, 
grates,  and  fire  tools  are  furnished  with  cast-iron  boilers. 

42.  Connecting  Two  Boilers. — In  connecting  two  or  more  boilers  in  a  battery  for  gravity 
return  heating,  they  should  be  yoked  together  with  a  large  equalizing  pipe  in  separate  steam 
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outlets  independent  of  other  connections.  The  return  should  also  be  connected  in  like  manner, 
otherwise  the  water  line  of  the  boilers  will  vary  considerably.  Equalizing  connections  outside 
of  the  boiler,  between  steam  main  and  return  main,  do  no  good  and  sometimes  harm. 

43.  Check  Valves. — Check  valves  of  swing  type  should  be  used  on  all  boiler  connections 
so  that  water  can  enter  the  boiler,  but  not  escape  in  case  of  breaks  or  carelessness  in  opening 
valves.  They  do  not,  however,  assist  circulation.  K  the  system  circulates  unequally  without 
their  introduction  they  will  not  better  conditions.  Many  steam  fitters  think  a  check  valve 
a  panacea  for  all  badly  designed  plants. 

44.  Feed  Pump. — ^If  the  duplex  plunger  pump  is  large  and  operated  fairly  slow  with  some 
attention  to  the  needs,  it  is  more  economical  than  the  centrifugal  pump.  It  has  this  disadvant- 
age that  when  the  valves  are  all  shut  on  the  boilers  the  pump  will  place  the  full  pressure  on  the 
feed  line  before  stopping.    An  automatic  pump  regulator  would  obviate  this. 

The  centrifugal  pump  will  place  a  certain  head  on  the  main  and  is  fool  proof.  It  also  will  fall  off  in  power  as  the 
gallons  are  reduced  due  to  curtailment  and  may  be  run  continuously  regardless  of  the  water  required.  Operated 
by  a  steam  turbine  under  back  pressure,  it  will  require  more,  steam  than  the  compounds  piston  pump  with  a  due 
amount    of    attention. 

46.  Equivalent  Evaporation. — As  boilers  are  operated  at  various  st^am  pressures  with 
poesibly  entrained  moisture,  their  performance  cannot  be  compared  by  simply  determining 
the  number  of  pounds  of  water  evaporated  by  each.  Instead,  the  performance  of  each  boiler 
must  be  reduced  to  its  ''equivalent  evaporation''  from  and  at  212  deg.  and  then  the  boilers  may 
be  compared  on  this  common  basis.  The  equivalent  evaporation  from  and  at  212  deg.  is 
found  by  multiplying  the  number  of  pounds  of  water  actually  evaporated  per  hour  by  the  ''factor 
of  evaporation." 

The  factor  of  evaporation  is  equal  to  the  number  of  heat  units  actually  supplied  by  the  boiler  to  each  pound  of 
steam,  divided  by  the  latent  heat  of  one  pound  of  steam  at  atmospheric  pressure. 

Calling  q  the  quality  of  the  steam  formed  in  the  boiler,  L  the  latent  heat  of  the  steam  formed  in  the  boiler,  h 
the  boat  of  the  liquid  of  the  st«)am  formed  in  the  boiler,  and  </  the  temperatui-e  of  the  feed  water,  then  the  factor  of 

evaporation  » 

qL-\-  h-  jtf  -  32) 

970.4 

4Sa.  lUuttraHve  ProbUm^ — A  boiler  makes  08  %  dry  steam  at  175  lb.  gage  pressure  from  feed  water  at 
115deg.F.     What  is  the  factor  of  evaporation? 

q  -  0.98;  L  -  846.9  (from  Steam  Table);  h  -  350.4  (from  Steam  Table). 

M  ^        M                *•            0.98  X  846.9  +  350.4  -  (115  -  32)        ,  ,,, 
factor  of  evaporation  «» ^_q  . ■■  1.131. 

The  equivalent  evaporation  per  hotir  in  this  boiler  would  be  1.13/  X  weight  of  water  actually  evaporated. 

46.  Boiler  Efficiency. — Power  boilers  are  operated  at  a  wide  range  of  loads  with  a  more  or 
less  variation  in  efficiency.  The  limit  is  generally  the  point  where  the  gases  are  not  carried 
off  fast  enough  and  the  brick  work  of  the  furnace  commences  to  give  way.  This  may  be  as  high 
as  300  %  of  the  rating,  dependent  on  the  arrangement  of  the  combustion  system. 

The  effieienty  of  any  boiler  is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler  per  pound  of 
dry  fuel  to  the  actual  heat  value  of  one  pound  of  the  coal.     This  is  the  combined  efficiency  of  the  boiler  and  furnace. 

47.  Shipping  and  Brection. — The  Babcock,  Hornsby,  and  Stirling  boilers  are  generally 
shipped  in  sections,  the  parts  being  erected  on  the  job  by  rolling  the  tubes  and  nipples  into  the 
forgings  and  drums.  The  Heine  type,  Cahall,  and  return  tubular  boilers  are  generally  shipped 
in  one  piece,  assembled,  none  of  the  parts  requiring  riveting  on  the  job.  This  may  have  an 
important  bearing  on  the  selection  of  a  type  where  space  for  entrance  into  a  building  has  to  be 
provided.  Straight  tubes  that  can  be  easily  inspected  and  replaced  are  an  important  feature. 
Evaporation  tests  of  high  efficiency  are  not  always  to  be  taken  as  conclusive  as  they  largely  de- 
pend on  skill  of  operation.  For  industrial  plants  the  boiler  that  can  be  kept  clean  easily  will 
probably  give  the  beet  results  in  the  long  run. 

48.  Fuel. — ^Since  hard  coal  is  used  in  most  heating  boilers,  cast-iron  boilers  are  rated  and 
tested  with  hard  coal  as  fuel,  but  due  to  the  scarcity  and  expense  of  hard  coal  in  many  localities 
soft  coal  is  coming  more  and  more  into  use,  and  allowances  should  be  made  for  its  use. 

2240  lb.  good  Lehigh  coal  will  occupy  about  41  cu.  ft.  of  space.  For  a  ton  of  2000  lb.,  Lump  will  require  28.8 
eu.  ft.»  Broken  30.3  cu.  ft.,  Egg  and  stove  30.8  cu.  ft.,  Chestnut  32.8  cu.  ft.,  and  Pea  32.8  cu.  ft. 
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spontaneous  combustion  is  brought  about  by  the  slow  oxidation  in  an  air  supply  which  is  insufficient  to  carry 
away  the  heat  formed  or  to  support  combustion.  Mixed  lump  and  fine  run  of  mine,  with  a  large  percentage  of  dust, 
piled  so  as  to  admit  to  the  interior  a  limited  supply  of  air,  make  ideal  conditions  for  spontaneous  combustion.  High 
volatile  matter  of  itself  does  not  increase  this  liability  to  spontaneous  heating.  Freshly  mined  coal  and  fresh  sur- 
faces exposed  by  crushing  lump  coal,  exhibit  a  marked  avidity  for  oxygen. 

40.  Recommendations  for  Storing  and  Piling  Coal. — (1)  Do  not  pile  over  12  ft.  deep  or  so 
any  point  in  the  interior  will  be  over  10  ft.  from  an  air  cooled  surface. 

(2)  Keep  dust  out  as  much  as  possible. 

(3)  Pile  so  that  lump  and  fine  are  distributed  as  evenly  as  possible,  not  allowing  the  lumps 
to  roll  down  from  the  peak  and  form  air  passages  at  the  bottom. 

(4)  Rehandle  and  screen  after  two  months. 

(5)  Keep  away  external  sources  of  heat,  even  though  moderate  in  degree. 

(6)  Allow  six  weeks  seasoning  after  mining  before  storing. 

(7)  Avoid  alternate  wetting  and  drying. 

(8)  Avoid  admission  of  air  to  the  interior  of  the  pipe  through  interstices  around  foreign 
objects,  such  as  timber,  brick  work,  or  porous  bottoms. 

(9)  Do  not  try  to  ventilate  the  interior  by  pipes  as  more  harm  than  good  is  often  done. 
50.  Fuel  Consumption. — Methods  of  estimating  fuel  consumption  may  be  based  on  grate 

areas,  square  feet  of  radiation  installed,  or  cubic  contents  of  buildings.  The  U.  S.  Treasury 
Department  estimates  5  tons  per  sq.  ft.  of  grate  per  season  of  240  days,  or  1  lb.  of  coal  per  cu. 
ft.  of  building  contents  for  the  same  period.  District  heating  companies  estimate  500  lb.  of  steam 
per  sq.  ft.  of  direct  steam  radiation  per  season  or  practically  70  lb.  of  coal  of  good  quality. 

50a.  Combustion. — Combustion,  as  the  term  is  used  in  steam  engineering,  is 
the  rapid  chemical  combination  of  oxygen  with  the  carbon,  hydrogen,  and  sulphur  composing 
the  various  fuels.  This  combination  takes  place  at  high  temperatures  with  the  evolution  of 
light  and  heat.  It  is  necessary  to  provide  for  an  excess  of  air  of  from  50  to  100  %  when  burning 
coal,  due  to  the  inert  nitrogen,  of  from  18  to  24  lb.  of  air  per  pound  of  coal.  Less  air  results  in 
imperfect  combustion  and  the  formation  of  carbon  monoxide,  Co. 

Table  32. — Allowable  Rates  Op  Combubtion  On  Hand  Fired  Boilers  With 

Natural  Draft 

Grate  areas  Lb.  of  coal  per  sq.  ft.  grate  per  hr. 

6  sq.  ft.  or  less — small 5 

6  to  10  sq.  ft. — medium 8.7 

10  sq.  ft.  or  larger 6. 6  to  10 

10  to  18  sq.  ft 6  to  10 

20  to  30  sq.  ft 10  to  16 

With  stokers  and  forced  draft,  sufficient  coal  may  be  burned  to  operate  boilers  200  to  300%  of  rated  capacity 
and  with  a  combusion  rate  as  high  as  50  lb.  per  sq.  ft.  of  grate  per  hr. 

61.  Smoke. — Visible  smoke  is  composed  chiefly  of  small  particles  of  carbon.  The  actual 
carbon  in  dense  smoke  amounts  to  about  1  %  of  the  carbon  in  the  fuel.  The  accompanying  loss 
is  due  more  to  combustible  gases  which  may  amount  from  3  to  10  %.  High  CO  and  smoke  in 
the  stack  gases  represent  high  losses,  not  so  much  in  themselves  as  in  the  indication  of  unburned 
hydro-carbons. 

Some  of  the  causes  of  smoke  are:  (1)  The  furnaces  and  the  grates  are  not  properly  designed  to  bum  the  amount 
of  fuel  fired.  There  is  no  equipment  on  the  market  that  will  burn  equally  well  ail  coals  found  in  the  United  States. 
(2)  Draft  too  small.  (3)  Unskilled  firemen.  (4)  Combustion  space  too  small.  (5)  Wood,  paper,  and  other  refuse 
burned.  (6)  Sudden  space  in  the  load.  (7)  Excessive  loads  maintained.  (8)  Failure  of  gases  and  air  to  mix.  (9) 
Low  temperature  in  furnace. 

If  the  boiler  setting  is  tight  and  the  flue  gases  contain  no  more  than  12%  COz,  there  is  an  abandance  of  air. 
If  the  furnace  is  white  hot,  there  is  sufficient  temperature.  If  there  is  an  abundance  of  air,  with  CO  in  the  gases, 
insufficient  mixture  is  the  trouble.  Too  small  combustion  space  is  probably  the  most  common  of  all  cauaes  of  smoke. 
The  grate  must  be  at  such  a  distance  below  the  heating  surface  that  the  flame  will  be  burned  out  before  it  reaches 
the  heating  surface. 

The  following  measures  will  assist  in  preventing  smoke: 

1.  The  coal  should  be  supplied  in  small  quantities  and  at  frequent  intervals. 

2.  The  air  supply  should  be  slightly  in  excess  of  the  theoretical  requirements  as  an  auxiliary  supi^  at  the  front 
or  rear  of  the  furnace  to  burn  the  gases. 
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3.  The  fumaoe  temperature  should  be  sufficiently  hi«h  to  ignite  the  gases. 

4.  A  fire  briok  combustion  chamber  designed  to  cause  a  thorough  mixing  of  the  gases  and  air  should  be 
provided. 

6.  Steam  jets  usually  placed  above  the  fire  door  are  used  to  assist  in  mixing  the  air  and  gases.  The  best 
method  is  to  admit  air  through  small  openings  around  the  jet  which  acts  as  an  injector.  If  allowed  to  rim  continously, 
their  operation  costs  more  than  the  value  of  the  coal  saved. 

(k  Proper  firing  methods. 

7.  By  use  of  down  draft  boilers  and  stokers. 

62.  Chimneys. — Chimneys  are  for  two  purposes:  (1)  to  carry  off  obnoxious  gases,  and 
(2)  to  produce  draft  and  so  furnish  power  to  draw  air  into  the  furnace  to  properly  support  com- 
bustion.   The  first  requires  area  of  cross  section  and  the  second,  height. 

Each  pound  of  coal  burned  yields  from  13  to  30  lb.  of  gas,  the  volume  of  which  varies  ^ith 
the  temperature.  The  weight  of  gas  to  be  carried  off  by  the  chimney  in  a  given  time  depends 
on  three  things:  (1)  effective  area  of  chimney  and  velocity  of  flow;  (2)  the  density  of  the  gas; 
and  (3)  the  friction  offered  by  the  passage  of  the  gases.  The  density  decreases  directly  as  the 
absolute  temperature  and  the  velocity  increases  with  a  given  height  in  proportion  to  the  square 
root  of  the  temperature.  It  follows  that  there  is  a  temperature  at  which  the  weight  of  gas  is  a 
maximum.  This  is  about  550  deg.  above  the  surrounding  air.  This  quantity  is  only  about  4  % 
greater  than  at  300  deg.  temperature. 

The  intensity  of  draft  is  independent  of  the  area  of  the  chimney  and  depends  entirely  on  the  difference  in  weight 
of  the  outside  and  inside  columns  of  air  which  varies  as  the  product  of  the  height  into  the  difference  in  temperature. 

To  find  the  maximum  draft  with  550  deg.  difference  between  the  outside  and  inside  temperature,  mulfiply 
the  height  in  feet  above  the  grate  by  0.007  and  the  product  wiU  be  the  draft  in  inches  of  water. 

63.  Chimneys  for  Power  Plants. — The  effective  area  of  a  chimney  is  different  from  the 
actual  area  due  to  friction  of  the  walls.  For  preliminary  work,  Table  33  may  be  used  for  ap- 
proximation.    This  table  is  based  on  the  use  of  5  lb.  coal  per  horsepower  per  hour. 

Table  33. — ^Approximate  Horsepower  for  Different  Heights  and  Areas  Burninq  6 

Lb.  Coal  per  Horsepower  per  Hour 


Diameter 
(inches) 


Height  of  chimneys  and  commercial  horsepower 


50 

ft. 


60 
ft. 


70 

ft. 


80 
ft. 


90 
ft. 


100 
ft. 


110 
ft. 


125 

ft. 


150 
ft. 


175 
ft. 


200 
ft. 


Side  of 
square 
(inches) 


Effec- 
tive area 
(sq.  ft.) 


Actual 
area 

(sq.  ft.) 


18 

21 

24 

27 

30 

S3 

86 

39 

42 

48 

54 

60 

66 

72 

78 

84 

90 

96 

102 

108 

114 

120 

126 

132 

138 

144 


23 
35 
49 
65 
84 


25 

27 

38 

41 

54 

58 

72 

78 

92 

100 

115 

125 

141 

152 

183 

216 

62 
83 
107 
133 
163 
196 
231 
311 
363 
505 


113 
141 
173 
208 
245 
330 
427 
536 
658 
792 


182 

219 

258 

348 

449 

565 

694 

835 

995 

1163 

1344 

1537 


271 

365 

472 

593 

728 

876 

1038 

1214 

1415 

1616 


389 

503 

632 

776 

934 

1107 

1294 

1496 

1720 

1946 

2192 

2459 


551 
692 
849 
1023 
1212 
1418 
1639 
1876 
2133 
2402 
2687 
2990 
3308 
3642 
3991 
4357 


748 
918 
1105 
1310 
1531 
1770 
2027 
2303 
2594 
2903 
3230 
3573 
3935 
4311 
4707 


981 
1181 
1400 
1637 
1893 
2167 
2462 
2773 
3003 
3452 
3820 
4205 
4608 
5031 


I 


16 

19 

22 

24 

27 

30 

32 

35 

38 

43 

48 

54 

59 

64 

70 

75 

80 

86 

90 

96 

101 

106 

112 

117 

122 

127 


0.97 

1.47 

2.08 

2.78 

3.58 

4.48 

5.47 

6.57 

7.76 

10.44 

13.51 

16.98 

20.83 

25.08 

29.73 

34.76 

40.19 

46.01 

52.23 

58.83 

65.83 

73.22 

81.00 

89.19 

97.75 

106.72 


1.77 

2.41 

3.14 

3.98 

4.91 

5.94 

7.07 

8.30 

9.62 

12.57 

15.90 

19.64 

23.76 

28.27 

33.18 

38.48 

44.18 

60.27 

66.75 

63.62 

70.88 

78.54 

86.59 

95.03 

103.86 

113.10 
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'The  following  discussion  and  methods  were  published  in  the  Heating  and  Ventilating 
Magazine,  March  and  April,  1917. 

The  most  oommon  error  made  in  regard  to  chimneys  is  that  of  not  distinguishing  between  the  sise  (which  governs 
the  volume  of  smoke  they  can  handle)  and  the  height  (which  determines  the  intensity  of  the  draft).  A  chimney 
may  be  high  enough  yet  with  an  area  too  small  to  do  the  work  required.  On  the  other  hand,  it  may  be  large  enough 
but  too  low  to  produce  a  drc^t  of  the  strength  required  to  pull  the  air  through  the  fire  and  up  the  chimney  at  a  suffi- 
ciently rapid  rate.  Either  fault,  or  a  combination  of  both,  will  result  in  imsatisfaotory  service  and  will  require 
remedying. 

Chimneys  have  to  overcome  their  own  losses  consisting  of  the  friction  of  the  gases  rubbing  against  the  sides  in 
their  upward  passage.  For  tiiis  reason,  a  circular  shaped  flue  is  most  desirable;  the  next,  square;  and  after  that 
oblong  with  the  long  side  not  more  than  double  the  length  of  the  short  side. 

The  most  eflicient  chimney,  as  far  as  draft  is  concerned,  is  one  built  perfectly  straight  from  the  bottom  up, 
round  (or  nearly  round)  in  the  shape  of  the  interior  flue,  and  lined  with  tile,  or  with  the  interior  surface  made  as 
smooth  as  possible  by  other  means.  There  is  no  advantage  in  tapering  the  inside  of  a  chimney  to  a  smaller  sise 
toward  the  top  for  it  only  retards  the  flow  of  the  gases. 

Steel  is  most  efficient  but  unless  well  painted  is  apt  to  deteriorate  from  corrosion  aftei^a  very  few  years,  es- 
pecially on  heating  plants  when  inoperative  in  summer.  Radial  brick  chimneys  are  becoming  quite  common. 
Reinforced  concrete  is  also  us^. 

A  square  chimney  can  hardly  be  figured  as  having  its  full  area  efifeotive,  a  deduction  of  10  to  15%  being  neces- 
sary on  account  of  the  spiral  movement  of  the  gases  leaving  the  corners  dead  and  inactive.  With  an  oblong  shape 
the  efiFect  is  more  pronounced,  a  dc^duction  of  25  %  being  none  too  much.  The  use  of  tile  flues  will  not  only  aid  th^ 
slightly  owing  to  their  rounded  corners,  but  will  also  safeguard  much  of  the  fire  risk  due  to  mortar  falling  out 
between  the  bricks  as  time  passes,  and  leaving  openings  through  which  a  spark  might  pass.  As  the  tile  serves 
to  liptain  the  gases  and  smoke,  it  abo  prevents  leakage  which  can  spoil  a  chimney  action  at  any  time  no  matter  how 
perfectly  the  flue  may  otherwise  be  built. 


Table  34. — Draft  Loss  in  Fire 
(In.  of  water) 


Pounds  of  coal  per  square  foot  per  hour  burned  on  grates 


Anthradte, 
No.  3  buck. 


0.15 

No.  1  buck ;  p.  10 

Pea '  6.06 


Bituminous, 

Semi  bituminous ,  0.05 

0.04 
0.04 
0.04 
0.05 


Penn.  Ala.  111.  A  Ind 

Skck 

Rim  of  mine 

On  chain  grate 


20 


25 


30 


35 


0.40 

0.75 

1.24 

0.24 

0.44 

0.68 

1.00 

0.16 

0.30 

0.45 

0.65 

0.90 

1.20 

0.10 

0.18 

0.26 

0.35 

0.45 

0.68 

0.70 

0.09 

0.15 

0.22 

0.28 

0.38 

0.45 

0.55 

0.07 

0.10 

0.15 

0.20 

0.27 

0.34 

0.40 

0.05 

0.08 

0.10 

0.14 

0.16 

0.20 

0.25 

0.12 

0.15 

0.23 

0.31 

0.44 

0.57 

0.75 

0.78 
0.60 
0.50 
0.32 
0.04 


For  ordinary  installations  the  burning  of  5  lb.  of  coal  per  horsepower  is  usually  assumed.  The  maximum 
number  of  pounds  of  coal  which  a  boUer  must  consume  divided  by  the  grate  area  in  square  feet  will  give  the  number 
of  pounds  of  coal  burned  per  square  foot  of  grate. 

The  draft  losses  in  boilers  run  about  as  follows: 


Type  of  boiler 

Per  cent,  of  nominal  rating  developed 

100 

150                                     200 

Loss  in  inches  of  water 

Water  tube 

0.25 

0.40 

0.70 
0.45 
0.20 

H.  R.  T 

Vertical 

0.20 
0.10 

0.30 
0.15 
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Aa  heatins  boilers  are  seldom  run  at  any  overload,  0.26  or  0.30  may  be  taken  as  covering  the  draft  loss  in  any 
such  boiler. 

Eoonomisers  add  0.30  in.  to  the  draft  loss. 

Draft  losses  for  bends  and  smoke  breeching  are: 

Steel  flues  per  100  ft.  run,  0.10  in.;  for  each  90  deg.  bend.  0.06  in. 

Concrete  per  100  ft.  run,  0.20  in.;  for  each  90  deg.  bend,  0.10  in. 

NoU. —  Include  every  bend  from  the  boiler  uptake  to  the  stack,  counting  the  turn  upward  in  the  stack  as  one 
b^nd. 

64.  Operation  of  Detenninioi:  Size  of  Chimneys  for  Power. — (1)  Determine  the  maximum 
number  of  pounds  of  fuel  to  be  burned  and  pounds  of  gas  required  per  second  from  the  follow- 
ing table  which  is  based  on  18  lb.  of  gas  per  hr.  per  pound  of  coal. 

Requibeho  Pounds  of  Coal  and  Air  for  Horsepowers  at  Variotjs  Efficiencies 

(Pounds  of  coal  per  boiler  horsepower  developed) 


ToUl 

pounds 

of 

coal 

4 

4H 

1 
5                   5K 

• 

*  6 

6H 

7 

Pounds 

of  gas  per 

second 

Horsepower  developed 

1,000 
1,500 
2,000 
2.500 
3.000 
4.000 
6.000 
7,600 
10.000 

260 

376 

600 

626 

750 
1,000 
1.260 
1.876  . 
2,600 

222 

333 

444 

666 

667 

889 

1,111 

1,667 

2.222 

200 

300 

400 

600 

600 

800 

1.000 

1,500 

2,000 

182 
273 
363 
466 
646 
727 
909 
1,364 
1,818 

167 
260 
383 
416 
600 
667 
833 
1.260 
1.667 

164 
231 
308 
386 
461 
615 
760 
1,164 
1,538 

143 
214 
286 
367 
429 
671 
714 
1,071 
1,429 

5.0 
7.6 
10.0 
12.6 
15.0 
20.0 
25.0 
38.0 
60.0 

(2)  Increase  the  volume  due  to  the  altitude  of  the  plant  by  the  percentage  in  the  accom- 
panying table  corresponding  to  that  altitude. 

Air  at  higher  elevation  than  sea  level  expands  and  requires  a  chimney  of  larger  area  to 
handle  the  same  number  of  pounds  at  the  same  velocity  and  friction  loss.  The  table  below  gives 
the  percentage  of  increase  for  various  heights  up  to  10|000  ft.  above  sea  level. 

Factors  of  Air  at  Various  Elevations 


— 

Elevations  above 

sea  level 

(feet) 

Air  pressure 
Ob.  per  sq.  in.) 

Cubic  feet 
per  pound 

Increase  in  volume 
(per  cent.) 

14.7 

13.33 

0.000 

1.000 

14.2 

13.80 

0.034 

2,000 

13.7 

14.31 

0.073 

3:000 

13.2 

14.84 

0.113 

4,000 

12.7 

15  43 

0.r68 

•  6,000 

12.2 

16.07 

0.203 

6,000 

11.7 

16  76 

0.267 

8.000 

10.7 

18.31 

0.373 

10,000 

9.7 

20.20 

0.514 

(3)  From  Art.  53  determine  the  friction  of  fuel  bed,  breeching,  and  all  other  resistances  in 
inches  of  water  and  add  0.2  in.  for  chimney  loss  and  0.1  in.  for  safety.  This  will  be  the  re- 
quired theoretical  draft  in  inches  of  water. 

(4)  From  Diagram  10  determine  the  proper  height  of  chimney  to  produce  the  necessary 
draft  to  overcome  the  summation  of  resistances  using  the  line  of  proper  elevation.    , 
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(5)  We  have  the  height  and  pounds  of  gas,  and  we  can  reed  the  size  of  chimney  direct  from 
Diagram  11,  steel  stacks,  or  Diagram  12,  for  brick  or  brick  lined  stacks.  Modify  the  height 
found  by  0.2  in.  per  100  tt.  or  0.3  in.  per  J50  ft.  for  stack  losses. 

(6)  Check  all  results  so  that  the  factors  are  correct  and  the  draft  sufficient  to  overcome 
all  loesefl. 

SB.  Kesideace  Chimneys. — Chimneys  for  residences  should  be  of  ample  size,  never  under 
40  ft.  high  nor  less  than  10  X  10  in.     They  should  be  lined  with  tile  for  the  best  results.     Where 
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the  chimney  is  too  small  or  has  many  bends,  adding  radiation  or  boiler  capacity  will  be  of  little 
avail.  Where  it  is  imposeible  to  obtain  the  height,  aboiler should  beprovided  having  only  direct 
beating  surface  and  a  minimum  of  flue  travel.  In  case  the  chimney  is  efficient,  the  boiler  can  be 
forced  and  pressure  or  temperature  raised  and  the  system  made  to  work.  The  chimney  is 
absolutely  vital  and  should  be  given  first  consideration. 

When  square  or  rectangular  chimneys  are  designed  for  fireplaces  which  burn  wood  or 
bituminous  coal,  they  are  usually  made  with  an  area  of  10  to  12  %  of  the  fireplace  opening, 
while  with  round  flues  the  area  may  be  reduced  to  8  %.     For  anthracite  coal  the  rectangular  or 
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square  flue  may  be  reduced  to  B%  and  the  round  Sue  to  S%.    Ordinaiy  stoves  are  readily 
served  with  an  S  X  S-in.  flue,  provided  no  other  connections  are  made  to  the  stack. 

All  chimn^  walls  should  be  8  in.  thicktoavoiddanKerof  fire  from  sparks  working  through 
the  joiots.  The  building  laws  in  some  cities  demand  not  only  8-in.  walls  but  tile  linings  ss 
weU. 


r  per  100  ft  cpf  height 


B»ZSI30a3»«»4SO5DO!l»G0O«9D7IX)7»«>O 

Tempmjto™  in  chimney  in  degreee  Wir. 
Dl*qK.M  13. 

The  height  of  residence  chimneys  ii  the  most  important  element  in  the  house  heating  prob- 
lem and  more  failures  are  due  to  chimney  faults  than  to  any  other  cause,  inasmuch  as  a  high 
flue  IB  diflicult  to  obtain  due  to  the  low  hei((hta  o(  buildings. 

Diagram  13  gives  the  available  net  draft  lesx  friction,  fordifferent  heights  and  flue  tempera- 
tures. Table  35  gives  thecapacity  in  pound^iof  coal  prr  hour,  square  feet  of  standard  radiation, 
and  horsepowerof  work  for  different  sizes  of  commercial  flue  tile  when  used  as  chimney  linings. 
If  the  flue  temperature  and  height  is  known  and  the  draft  pressure  determined  in  inches  of  > 
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water,  all  that  remains  is  to  select  a  type  of  boiler  that  will  furnish  the  required  capacity  with 
that  available  draft  rather  than  from  the  catalogue  ratings.  The  boiler  manufacturer  will 
have  to  be  consulted  in  cases  where  this  determination  is  desirable.  The  table  is  made  out  for  a 
flue  temperature  of  400  deg.  and  10  %  capacity  must  be  deducted  for  300-deg.  flue  temperature. 
In  larger  plants,  the  buildings  are  higher  and  the  chimney  height  as  a  rulcsolves  itself  and  all 
that  is  necessary  is  to  determine  the  proper  cross  section. 

The  following  formula  was  deducted  by  the  American  Radiator  Company  in  the  Ideal 
Heating  Journal,  July  1914,  and  is  supposed  to  be  the  latest  data  for  house  heating  chimneys 
by  the  very  ablest  engineers. 

Table  35. — Capacity  of  Commercial  Tile  When  Used  as  Chimney  Linings  (Temp,  of 

gas  400  deg.)  25  cu.  ft.  gas  per  lb.  of  fuel 

(See  chart  for  pressure  in  inches  of  water) 


Commercial 
sise  of 

tile 
(inches) 


Thick- 
ness 
(inches) 


Peri- 
meter 
(inches) 


Area 
(sq.  in.) 


VO.I  (area)' 


(PerimeterN  J 
in  inches   I 
X  3.73    / 


6 

Pounds 
coal  per 

hour 

(col._4\ 
col.  5) 


7 

Horse- 
power 
34K  lb. 
steam, 


8 
Square  feet 

standard 
direct  radia- 
tion 0.25  lb. 


e  lu         I  per    "Q-     **• 
6  lb.  coal,     ,    Jz^  ,_„ 

col.  7  X  138 


Outside 
measurement 
8H  X  SH 
8H  X  13 
8H  X  18 
13  X  13 
13  X  18 
18  X  18 

Inside  diameter 
(round) 

8 

9 
10 
12 
15 
18 
20 
22 
24 
27 
30 
33 
36 


H 

24.0 

H 

35.0 

« 

45.0 

1 

48.0 

1 

54.0 

1 

64.0 

H 

25.13 

*He 

28.27 

H 

31.44 

1 

37.7 

IH 

47.12 

IVa 

56.55 

IH^ 

62.83 

IH 

60.12 

IM 

75  4 

2 

84.8 

2H 

91.25 

2M 

103.7 

2H 

113.1 

36.0 
71.0 


104 
144 
176 
256 


0 
0 
0 
0 


50.3 

63.6 

78.54 

113.1 

176.7 

254.5 

314.16 

380.0 

452.4 

572.6 

706.8 

855.3 

1017.9 


68.0 
189.0 
335.0 
546.0 
738.0 
1,295.0 


113.0 

160.5 

220.0 

380.0 

744.0 

1,284.0 

1,758.0 

2,342.0 

3,030.0 

4,340.0 

5,940.0 

7,906.0 

10,270.0 


9.46 
11.4 
13.0 
13.4 
14.2 
15.45 


9.64 
10.25 
10.77 
11.85 
13.25 
14.52 
15.29 
16.06 
16.76 
17.77 
18.44 
19.66 
20.53 


7.2 

1.44 

16.6 

3.32 

25.8 

5.16 

48.2 

9.64 

52.0 

10.4 

83.8 

16.76 

11.7 

2.34 

16.7 

3.14 

20.4 

4.1 

32.07 

6.41 

56.2 

11.24 

88.4 

17.7 

115.0 

23.0 

146.0 

29.2 

181.0 

36.2 

244.0 

48.8 

322.1 

64.4 

402.0 

80.4 

500.0 

100.0 

198.7 

468.2 

712.2 

1330.0 

1.435.2 

2.313.0 


323.0 
433.3 
566.0 
885.0 

1,551 .0 

2,443 

3.174 

4,030 

4,996 

6,734 

8,888 
11.095.0 
13.800.0 


.0 

P 
.0 

.0 

.0 

.0 


Reduce  capacity  10  %  for  300  deg.  stack  temperature. 

Draft  in  inches  of  water  per  100-ft.  height,  300-deg.  stack  temperature.  0.435  in. 

Draft  in  inches  of  water  per  100-ft.  height,  400-deg.  stack  temperature,  0.550  in. 


H  =  height  of  chimney. 

da  =  draft  pressure  in  inches  of  water  to  overcome  resistance  of  flue,  furnace,  stack,  and 

produce  velocity. 
P  =  perimeter  of  flue. 
a  —  area  of  flue  in  square  inches. 
C  =  coal  per  hour. 
For  400-deg.  stack  temperature 

164rfa 

1  _  3.73PC«  (1) 


H  = 
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For  300-deg.  temperature 


H 


206ci. 


1  - 


4.14PC* 


(2) 


If  10  %  is  allowed  for  stack  friction,  for  400-deg.  temperature,  the  last  term  of  the  denominator 
will  equal  0. 1,  and  solving  for  C  we  have 

For  300-deg.  temperature 

C 


.3P 


(8) 


41.4P 


(4) 


Knowing  the  draft  in  inches  of  water,  the  height  of  stack  will  be,  with  10%  for  friction 

H  »  lS2.2da  for  400-deg.  temperature. 
H  -  230ds  for  300-deg.  temperature. 
d»  »  0.00435H  for  300-deg.  temperature, 
do  s  0.0055H  for  400-deg.  temperature. 

Most  manufacturers  give  the  size  and  height  of  chimney  necessary  for  each  boiler.  Down 
draft  boilers  and  some  sectional  boilers  require  a  more  intense  draft  than  others,  especially  the 
round  boilers. 

66a.  Recommended  Height  and  Size  of  Chimney. — The  ordinary  residence 
usually  employs  a  chimney  between  25  and  60  ft.  high,  the  area  being  proportional  to  the  size 
of  the  house.  It  is  possible  to  burn  No.  1  buckwheat  coal  with  a  chimney  55  ft.  high  if  the  fire 
bed  is  not  made  too  thick.  Down  draft  boilers  should  have  chimneys  at  least  60  ft.  high  to 
operate  successfully. 

Having  a  chimney  built  upon  desirable  lines  as  far  as  draft  is  concerned,  it  may,  of  course, 
still  be  too  small,  and  in  this  connection  it  might  be  isaid  that  no  flue  should  be  made  less  than 
10-in.  diameter  or  10  X  10  in.  square.  Table  36  is  by  Prof.  Carpenter,  giving  data  on  heights 
and  areas  of  house  heating  chimneys  with  the  approximate  cubic  contents  heated,  for  prelim- 
inary work  or  estimates. 

Tablb  36. — Prof.  Carpenter's  Standard  Table  of  Chimney  Dimensions 


Approzimftte 

Height  of  chimney  flue  (feet) 

cubic  contents 

Standard  square 

Diameter  of  chimney  flue  (inches) 

of  building 

f^  of  radiation 

1 

(groM) 

30  ft. 

40  ft. 

60  ft. 

60  ft. 

80  ft. 

12.500 

250 

7.0 

6.7 

6.4 

6.2 

6.0 

ao.ooo 

500 

9.2 

8.8 

8.2 

8.0 

6.6 

45.000 

760 

10.8 

10.2 

9.6 

9.3 

8.8 

60.000 

1.000 

12.0 

11.4 

10.8 

10.6 

10.0 

90.000 

1.500 

14.4 

13.4 

12.8 

12.4 

11.6 

140.000 

2,000 

16.3 

16.2 

14.6 

14.0 

13.2 

240.000 

3.000 

18.6 

18.2 

17.2 

16.6 

16.8 

320.000 

4.000 

22.2 

20.8 

10.6 

19.0 

17.8 

400.000 

6.000 

24.6 

23.0 

21.6 

21.0 

19.4 

480.000 

6.000 

26.8 

26.0 

23.4 

22.8 

21.0 

660,000 

7,000 

28.8 

27.0 

26.6 

24.4 

23.0 

640.000 

8.000 

30.6 

28.6 

26.8 

26  0 

24  2 

810.000 

9.000 

32.4 

30.4 

28.4 

27.4 

26.6 

900.000 

10.000 

84.0 

32.0 

30.0 

28.6 

27.0 

The  chimney  top  should  run  above  the  highest  part  of  the  roof  and  should  not  be  less  than 
40  ft.  above  the  boiler  in  height  or  less  than  10  X  10-in.  on  the  outside.  It  should  be  so  located 
with  reference  to  any  higher  buildings  nearby  that  wind  currents  will  not  form  eddies  and 
force  the  air  downward  in  the  flue.  A  shifting  cowl,  which  will  always  turn  the  outlet  away 
from  the  adverse  currents,  will  promote  better  draft. 
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The  flue  should  run  as  nearly  straight  as  possible  from  the  base  to  the  top  outlet.  The  out- 
let must  not  be  capped  so  that  its  area  is  less  then  the  area  of  the  flue.  The  flue  should  have 
no  other  openings  into  it  except  the  boiler  smoke  pipe.  Sharp  bends  and  offsets  in  the  flue 
will  often  reduce  the  area  and  choke  the  draft.  The  flue  must  be  free  of  any  feature  which 
prevents  full  areas  for  the  passage  of  smoke.  It  should  be  lined  with  tile  and  the  joints  well 
cemented  or  all  space  between  the  tile  and  brick  work  filled  in  tightly.  There  must  be  no  open 
crevices  into  the  flue  where  the  sections  meet,  otherwise  the  draft  will  be  checked.  If  the  flue 
is  made  of  brick,  the  chimney  should  have  outside  walls  at  least  8  in.  thick  to  insure  safety. 
The  iimde  joints  should  be  well  struck;  each  course  should  be  well  bedded  and  free  from  sur- 
plus mortar  at  the  joints.  However,  all  such  chimneys  should  be  tile  lined  rather  than  to  take 
chances  on  the  operating  results  of  the  whole  heating  system. 

If  there  is  a  soot  pocket  in  the  chimney  below  the  smoke  pipe  opening,  the  clean  out  door  of 
same  should  always  be  tightly  closed.  If  this  chimney  flue  hab  other  openings  into  it — from 
fireplaces  or  other  connections — these  openings  will  check  the  draft  and  prevent  best  heating 
results  from  the  boUer  and  should  be  eliminated. 

The  smoke  pipe  should  not  extend  into  the  flue  beyond  the  inside  surface;  otherwise,  the 
end  of  the  pipe  cuts  down  the  area  of  the  flue.  The  joints,  where  the  smoke  pipe  fits  the  sm^ke 
hood  of  the  boiler,  should  be  made  tight  with  putty*or  asbestos  cement,  and  asbestos  cement 
should  be  used  to  seal  the  joint  between  smoke  pipe  and  chimney  opening.  For  the  be^t  results, 
place  the  chimney  within  the  building  where  it  is  warm  rather  than  outside  where  it  is  cold. 

$6.  Induced  and  Forced  Draft. — In  nearly  all  power  plants,  stokers  have  taken  the  place 
of  hand  firing  where  there  are  more  than  300  to  500  hp.  and  in  some  cases  smaller  plants  are  so 
equipped.  Induced  draft  and  forced  draft  are  both  used  as  a  rule.  The  f onner  is  supplied 
by  the  chimney  and  the  latter  by  blowers.  The  chimney  is  then  only  required  to  supply  power 
to  remove  the  gases  after  combustion. 

In  a  well  de&igned  plant  these  two  methods  of  producing  draft  are  arranged  so  as  to  main- 
tain a  certain  constant  balance  sufficient  to  supply  the  fuel  bed  with  just  the  correct  amount  of 
air.  The  fan  supplies  the  air  with  proper  variation  in  pressure  and  volume  by  means  of  speed 
regulators.  In  large  plants  of  this  character,  the  kind  of  fuel  and  variation  in  load  enter  into 
the  problem.  Special  experience  is  necessary  in  designing  such  systems,  and  stoker  and  fan 
manufacturers  are  always  ready  to  assist  with  expert  advice.  The  pressures  and  volume  of 
air  are  calculated  the  same  as  for  chimneys,  only  the  power  is  applied  in  such  manner  that  the 
circulation  is  independent  at  all  times  of  the  temperature. 

57.  Economizers. — Economizers  consist  of  a  series  of  vertical  cast-iron  tubes  placed  in 
the  flue  between  the  boiler  and  chimney  through  which  the  feed  water  passes  and  absorbs  the 
heat  of  the  flue  gases  above  the  actual  temperature  requirements  for  draft  of  say  350  to  400 
deg.  F.  The  tubes  are  provided  with  mechanical  scrapers  to  keep  them  from  being  fouled 
with  soot.  Economizers  require  by-passes  for  both  the  gases  and  feed  water.  They  are  very 
heavy  and  cost  per  horsepower  nearly  as  much  as  the  boilers.  By  arranging  the  flow  of  the 
flue  gas  and  water  on  the  counter-current  principle,  the  water  can  be  heated  to  the  final 
temperature  of  the  gas  in  a  properly  designed  system. 

Where  very  high  steam  pressures  have  been  carried,  cast-iron  tubes  have  been  known  to 
fail.  Improvements  in  combustion  apparatus,  however,  have  considerably  reduced  the  avail- 
able waste  in  heat.  There  is  undoubtedly  about  10  %  saving  in  the  use  of  this  apparatus,  as  the 
feed  water  can  be  heated  to  over  300  deg.  F.  with  waste  products.  Economizers  also  take  care 
of  the  unavoidable  waste  in  flue  temperature  where  great  overloads  are  carried.  By  placing 
the  feed  water  pump  between  the  economizer  and  boiler,  the  excessive  boiler  pressure  on  the 
economizer  is  avoided  and  all  danger  is  obviated. 

Economizers  are  used  in  connection  with  hot  water  forced  circulation  heating  systems  in 
conserving  the  waete  heat  of  chimney  ga&es,  brass  furnaces,  etc.  There  is  no  increase  in  economy 
over  heating  the  feed  water  as  it  is  merelj'  diverting  this  source  of  heat  from  one  purpose  to 
another.  They  cannot  as  a  rule  be  installed  as  a  portion  of  the  heating  equipment  solely  and 
show  a  commercial  saving  on  the  investment  due  to  the  comparatively  short  duration  of  the 
heating  season. 
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68.  Mechanical  Stokers. — It  is  acknowledged,  except  in  the  case  of  the  smallest  units 
under  300  hp.,  that  for  all  plants,  mechanical  stokers  and  coal  and  ash  handling  machinery 
are  absolutely  necessary  to  reduce  labor  costs,  eliminate  smoke,  and  bum  the  fuel  at  rates  cover- 
ing a  wide  range  of  loads  as  well  as  to  conserve  equipment  and  reduce  fuel  charges. 

For  the  selection  of  a  stoker,  the  fuels  should  be  classified  as  follows:  (1)  Coking  and  non- 
coking  coals,  (2)  clinkering  and  non-clinkering  coals,  and  (3)  high  and  low  ash  coals. 

A  stoker  should  embody  the  following  functions: 

1.  Feed  the  fuel  at  the  proper  rate. 

2.  Burn  the  fuel  economically  by  employing  the  exact  requirement  of  air. 

3.  Automatically  discharge  all  the  refuse  and  ash  without  waste  in  unbumed  fuel. 

4.  Automatically  keep  the  air  spaces  and  passages  free  without  any  by-passing  of  air. 

5.  It  should  not  require  the  frequent  disturbance  of  the  fuel  bed  with  the  furnace  open 
for  the  spreading  of  fuel  to  prevent  air  holes  and  removal  of  clinkers. 

It  is  therefore  natural  that  under  the  wide  requirements  of  load  and  service  with  the  varia- 
tion in  grade  and  type  of  fuel  furnished,  that  all  the  conditions  of  service  will  not  be  fulfilled 
at  all  times  with  any  one  type  of  stoker;  at  best,  all  that  can  be  done  is  to  make  a  selection 
that  will  fulfill  the  major  portion  of  the  requirements. 

Stokers  may  be  divided  into  three  types  with  slightly  different  arrangement  for  forced 
or  natural  draft:  (1)  chain  grate,  (2)  over  feed,  and  (3)  under  feed.  Omitting  the  elements 
of  first  cost,  relative  workmanship  and  materials  entering  construction,  the  following  are  a  few 
of  the  considerations  that  may  be  of  assistance  in  the  selection  of  type  of  stoker  for  any  particu- 
lar service. 

For  eastern  coals  with  low  ash  and  slight  tendency  to  clinker,  most  stokers  will  give  good 
results  with  proper  handing  provided  too  heavy  overloads  are  not  attempted.  These  are  coals 
of  the  coking  and  caking  class  requiring  agitation  of  the  fuel  bed  at  least  in  the  early  stages 
of  combustion.  For  this  reason,  movable  grate  bars  must  be  used  which,  at  times,  give  trouble 
from  warping  or  burning  when  pushed  into  the  fuel  bed,  especially  when  there  is  sulphur  present 
in  the  fuel.  The  over  feed  with  inclined  grate  is  apt  to  let  the  fuel  through  the  grate  before 
complete  combustion  takes  place  when  forced  too  hard.  There  is  also  a  tendency  to  form  clinker 
making  it  necessary  to  provide  clinker  crushers. 

For  anthracite,  coke  braise,  and  western  coals  with  high  ash,  the  chain  grate  is  apt  to  be  more 
successful  as  it  automatically  dumps  all  ash  and  a  fresh  clean  grate  surface  is  presented  as  the 
grate  revolves.  The  grate  area  for  all  chain  grates  is  large  and  they  function  particularly  well 
with  natural  or  induced  draft.  The  size  and  length  of  the  combustion  arch  when  used  with 
the  chain  grate  is  an  important  factor  in  determining  the  amount  of  fuel  that  can  be  burned  or 
the  rate. 

Stokers  of  the  overfeed  and  chain  grate  type  require  a  combustion  arch  which,  in  itself, 
is  no  particular  disadvantage  outside  of  initial  expense  and  maintenance  costs,  as  it  is  a  very 
effective  aid  to  the  combustion  of  soft  coal  for  any  type,  of  furnace. 

The  under  feed  stokers  occupy  relatively  small  space  and  require  forced  draft.  The  com- 
bustion arch,  however,  is  unnecessary.  They  give  excellent  results  with  coking  and  caking  coals 
as  the  green  fuel  is  forced  up  through  the  fuel  bed,  breaking  up  the  coke  masses  with  unlimited 
air  supply  both  as  to  volume  and  pressure.  This  arrangement  enables  heavy  overloads  to  be 
carried  with  excellent  results  as  far  as  combustion  is  concerned.  With  high  ash  coals  and  heavy 
overloads  the  very  high  resulting  furnace  temperatures  cause  the  ash  to  fuse  forming  clinker. 
This  tendency  varies  with  the  rate  of  combustion  and  percentage  of  ash  in  the  fuel. 

There  seems  to  be  a  tendency  to  make  the  overload  capacity  or  range  the  most  important 
requirement  for  stoker  equipment.  This  may  be  all  right  from  a  combustion  standpoint  of 
efficiency,  but  most  stoker  troubles  seem  to  originate  from  this  cau&e.  From  a  common  sense 
standpoint,  any  program  that  provides  for  continuously  excessive  overloads  Ls  bad  practice, 
especially  in  view  of  the  class  of  labor  which  the  ordinary  manufacturer  deems  capable  of  hand- 
ling his  fuel,  the  cost  of  which  may  amount  to  from  $75,000  to  $200,000. 

It  makes  little  difference  what  stoker  is  used  as  the  furnace  temperatures  made  necessary 
by  these  overloads  are  certain  to  break  down  the  brick  work  and  put  the  boiler  unit  out  of  com- 
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mission  for  two  or  three  weeks  at  more  frequent  intervals  than  if  a  more  conservative  operating 
load  were  maintained.  During  a  few  weeks  in  December  public  service  plants  are  subject  to 
extreme  loads  for  a  few  hours  a  day.  These  are  entirely  out  of  their  control  and  the  service  has 
to  be  maintained.  This  feature  is  exceedingly  important  due  to  the  necessary  increase  in  the 
amount  of  equipment  on  which  fixed  annual  charges  have  to  be  maintained. 

For  industrial  plants  with  the  load  more  regular  and  entirely  under  control  of  the  manage- 
ment, it  would  seem  better  practice  to  operate  nearer  the  normal  boiler  rating  with  better  evapo- 
ration, less  repairs,  and  sufficient  equipment,  and  such  overloads  as  to  reduce  to  a  minimum  the 
stand-by  losses  due  to  shifting  boilers  during  the  daily  run.  These  stand-by  losses  may  be 
reduced  likewise  by  employing  larger  boiler  units  with  fewer  fire6  wherein  a  smaller  percentage 
of  overload  would  give  a  wider  range  in  capacity. 

With  a  rating  of  10  sq.  ft.  of  boiler  heating  surface,  a  100  %  overload  would  mean  a  reduc- 
tion of  50  %  in  heating  surface  or  5  sq.  ft.  per  hp.  which  must  of  necessity  reduce  the  evaporation, 
increase  the  flue  temperature,  and  reduce  the  life  of  the  furnace  and  settings. 

With  a^5  to  50  %  overload  and  8  to  6  sq.  ft.  per  hp.,  the  problem  would  be  within  range  of 
nearly  all  types  of  stokers  and  advantage  could  be  taken  of  some  excellent  features  in  types  that 
might  not  be  as  adaptable  if  the  overload  feature  were  the  paramount  requirement.  Certainly, 
the  question  of  maintenance  is  independent  of  the  type  of  stoker  where  the  equipment  is  operated 
hard  enough  to  produce  destructive  furnace  and  flue  temperatures. 

It  is  not  advisable  to  provide  equipment  for  the  absorption  of  more  heat  than  can  be 
produced  by  the  combustion  system,  and  the  boiler  surface  should  be  proportioned  for  the  availa- 
ble chimney  power  rather  than  the  work  to  be  performed;  or  stated  otherwise,  see  that  the 
combustion  system  is  ample  in  capacity  before  considering  the  boUer.  This  applies  to  all  heat- 
ing and  power  boilers  although  the  latter  are  not  so  often  handicapped  with  low  draft  pressure 
as  they  are  frequently  overloaded. 

In  the  design  of  any  power  plant,  high  economy  may  be  obtained  by  operating  an  excess  of 
boiler  heating  surface  but  when  the  expense  of  maintining  this  extra  equipment  is  balanced 
against  the  actua^  increase  in  fuel  economy,  it  will  be  found  that  over  10  sq.  ft.  of  heating  surface 
per  boiler  horsepower  does  not  pay  in  overall  economy.  There  is  such  a  thing  as  operating  too 
much  boiler  power  on  a  given  load.  * 

Allowance  should  be  made  in  all  power  plant  installations  for  sufficient  reserve  boiler  power 
in  order  that  boilers  may  be  cleaned  at  regular  intervals  during  work  periods. 

POWER 

69.  Prime  Movers. — There  are  two  main  types  of  prime  movers  for  power  generation: 
(1)  reciprocating  and  (2)  rotary  engines,,  of  which  latter  class  the  turbine  will  be  the  only  one 
considered. 

Reciprocating  engines  as  the  name  implies,  involves  a  piston  moving  back  and  forth  to 
impart  rotary  motion  to  a  shaft.  This  requires  provision  of  some  method  of  stopping  or 
cushioning  the  moving  parts  as  they  change  direction  to  overcome  their  inertia.  This  is  accom- 
plished by  imprisoning  some  of  the  fluid  before  the  end  of  the  stroke  by  initially  closing  the 
exhaust  valve,  and  is  known  as  the  compression.  Reciprocating  engines  maybe  single  or  multi- 
cylinder,  double  or  single  acting,  operated  by  a  direct  explosion  of  gas  in  the  cylinder  or  by  the 
expansion  of  a  charge  of  gas  or  steam  at  high  pressure. 

60.  Gas  Engines. — Single  acting  cyUnders  take  an  impulse  on  only  one  side  of  the  piston 
while  those  double  acting  take  an  impuls<*^oi^  both  sides.  Gas  engines  are  generally  known  as 
internal  combustion  engines.  They  are  built  multicylinder  apd  single  acting  but  the  larger 
types  are  double  acting,  with  one,  two,  or  more  cylinders. 

The  action  of  an  internal  combustion  engine  is  as  follows:  The  charge  is  drawn  in  compres- 
sed, and  fired  by  an  electric  spark  producing  the  motor  impulse  and  the  products  are  next  ex- 
pelled, so  there  is  an  impulse  only  once  in  two  revolutions  for  each  end  of  the  cyhnder.  For  this 
reason,  high  speeds,  very  heavy  fly  wheels,  and  multicylinders  are  provided  in  order  to  store 
sufficient  energy  to  provide  for  the  infrequency  of  the  impulse  and  enhance  smooth  running. 
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They  are  difficult  to  regulate  to  the  constant  speed  required  for  electric  power  generation, 
especially  in  the  larger  types  with  low  speeds.  The  cylinders  have  to  be  water  jacketed  with 
a  circulating  system  %nd  in  the  larger  sizes  the  pistons  and  piston  rods  have  to  be  cooled.  Their 
cost  is  very  great  i^though  their  fuel  economy  is  unquestioned  as  compared  with  the  steam  engine, 
being  about  H  of  a  pound  of  coal  per  horsepower  or  about  4000  B.t.u.  They  may  be  operated 
w^ith  natural,  blast  furnace,  or  producer  gas,  a  heavy  fuel  oil,  the  engine  using  the  latter  being 
known  as  the  Diesel  motor.  This  engine  depends  on  the  high  temperature  of  compression 
for  ignition  and  explosion  of  the  fuel  charge. 

The  erratic  performances  of  gas  engines  have  been  due  largely  to  variations  in  the  composi- 
tion of  the  fuel  gas  and  its  resulting  air  requirements.  Back  fires  are  f reqent,  due  to  a  chaige 
exploding  in  the  exhaust  after  leaving  the  engine,  and  sometimes  difficulties  are  experienced  with 
the  noise  of  the  exhaiist.  If  there  are  no  sulphurous  or  injurious  products  in  the  exhaust  gas, 
a  small  water  jet  close  to  the  engine  will  remedy  the  trouble.  If  sulphur  or  other  impurities  are 
present, the  pipe  eats  out  very  rapidly,  but  these  jets  can  then  be  replaced  by  a  heater  with 
cooling  surface  as  close  to  the  point  of  emission  of  the  gases  from  the  engine  as  practicable. 

61.  Steam  Engines. — Steam  engines  are  almost  entirely  of  double  acting  type.  Where 
two  cylinders  are  used,  one  exhausting  into  the  other,  they  are  known  as  compound;  where 
three  are  used,  one  exhausting  to  the  other,  they  are  known  as  triple  expansion  engines.  The 
latter,  at  present,  are  confined  almost  entirely  to  marine  practice.  Where  two  cylinders  are 
on  the  same  piston  rod,  one  behind  the  other,  they  are  tandem  compound  and  when  connected 
to  the  shaft,  either  side  of  flywheel,  they  are  cross  compound. 

Engines  are  also  classed  as  to  rotativb  speed,  as  high,  medium,  and  low,  although  by  vary- 
ing the  stroke  they  may  at  the  same  time  have  the  same  piston  speed.  The  steam  engine  acts 
on  a  pressure  volume  basis  with  the  work  divided  as  nearly  as  possible  between  the  cylinders 
when  in  multiple,  for  economy,  the  cylinders  should  have  a  certain  volumejiric  relation  to  the 
changes  in  volume  of  the  steam  between  the  final  and  initial  pressure. 

When  the  final  terminal  pressure  is  reduced  below  atmosphere  by  condensing  the  steam, 
a  further  classification  is  made  as  condensing  and  non-condensing  engines.  The  steam  enters 
the  cylinder  at  an  initial  pressure  up  to  the  point  of  cut  off — generally  K  to  K  the  stroke 
— and  is  expanded  producing  a  mean  average  pressure  on  the  piston  areas.  The  number  of 
times  this  initial  volume  of  steam  is  expanded  before  leaving  the  engine  is  termed  the  number 
of  expansions.  It  is  the  reciprocal  of  the  cut  off  divided  by  the  ratio  of  the  cylinder  areas. 
With  yi  cut  off  and  a  ratio  of  cylinders  3  to  1,  the  ratio  of  the  expansion  would  be  1 :  12  and 
the  number  of  expansions  12  for  that  particular  engine.  The  fixed  quantities  with  any  engine 
are  the  ratio  of  cylinders  and  speed.  The  only  variable  is  the  point  of  cut  off,  which  is  limited 
for  economy  to  K  to  ^  the  stroke. 

There  is  often  confusion  in  steam  rates  of  reciprocating  engines  and  turbines,  as  the  former 
are  rated  in  pounds  of  steam  per  indicated  horsepower,  and  the  latter  in  brake  horsepower, 
because  their  design  prevents  the  use  of  an  indicator.  In  the  case  of  direct  current,  turbines  are 
rated  in  pounds  of  steam  per  kilowatt-hour  delivered  at  the  switchboard.  In  the  case  of  alter- 
nating current  they  are  rated  in  kilo-volt-amperes  (k.v.a.),  on  account  of  a  variable  power 
factor  of  from  80  to  90  %,  depending  upon  the  construction  of  the  alternator  and  the  nature 
of  the  load.  The  volts  and  amperes  as  read  from  the  switchboard  is  termed  the  apparent 
voltage.     The  actual  kilowatt  load  is  the  kilovolt-ampere  load  times  the  power  factor. 

The  reciprocating  engine  has  a  nearly  constant  friction  load  of  from  10  to  20  %  of  the  rated 
load,  and  it  can  be  seen  that  the  rate  at  one-half  load  will  be  much  higher  than  at  full  load. 

The  indicated  horsepower  therefore  includes  all  power  due  to  losses  in  generator,  friction 
load  of  the  engine  and  generator,  and  when  divided  into  the  total  steam  used,  would  give  a 
lower  apparent  rate  than  the  turbine  when  the  total  steam  is  divided  by  the  net  available 
load  at  the  switchboard. 

Automatic  high  speed  engines  have  comparatively  high  rotative  speed  with  short  stroke 
and  are  generaUy  operated  non-condensing.  They  enable  a  less  costly  generator  to  be  used 
due  to  the  high  rotative  speed  and  are  very  flexible  in  that  a  wide  variation  in  the  load  and 
terminal  pressure  may  be  obtained  with  fair  average  steam  rate. 
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There  are  four  common  types  of  engine  valves :  (1)  the  balanced  piston  valve,  (2)  the  unbal- 
anced D-slide  valve  and  gridiron  valve,  (3)  the  Corliss  type  valve,  and  (4)  the  poppet  valve. 
Each  type  is  actuated,  by  an  eccentric  and  a  governor  fromthe  main  flywheel  shaft  in  such  a 
manner  that  it  admits  and  releases  alternately  the  proper  amount  of  steam  to  and  from  the 
cylinder  to  take  care  of  the  load  on  the  engine. 

The  piston  valve  slides  back  and  forth  in  a  cylinder  parallel  to  its  axis  and  alternately 
opens  and  closes  the  inlet  and  exhaust  ports  of  the  main  cylinder.  It  is  called  a  balanced  valve 
for  the  pressure  is  equalized  on  both  ends,  thus  reducing  the  friction.  It  is  difficult  to  keep  this 
type  tight.  A  modification  of  this  type  is  the  riding  cut-ofif  of  the  Buckeye  engine  that  has  one 
sleeve  working  inside  the  other,  one  attached  to  a  rod  actuated  by  the  governor  for  cut-off  and 
the  other,  the  main  valve,  attached  to  the  shaft  eccentric  and  having  a  fixed  travel. 

The  D-slide  valve  is  an  arched  plate  sliding  over  a  series  of  steam  and  exhaust  ports  known 
as  the  gridiron.  This  valve  is  not  adjustable  for  wear  and  is  difficult  to  keep  steamtight. 
It  is  an  unbalanced  valve — that  is,  the  pressure  is  much  greater  on  one  side  than  on  the  other — 
which  causes  much  attendant  friction  in  sHding  over  its  seat  or  grid.  A  modification  of  this 
valve  is  provided  with  a  pressure  plate  with  adjustable  bolts  to  take  up  wear  and  release  the 
valve  proper  of  the  pressure,  thus  enabling  it  to  be  kept  steamtight. 

The  Corliss  valve  gear  consists  of  an  eccentric  which  actuates  a  wrist  plate,  which  in  turn 
actuates  two  steam  valves  and  two  exhaust  valves.  Dash  pots  quickly  close  the  steam  valves 
at  the  proper  time  when  the  governor  releases  them  from  the  wrist  plate  connection.  The 
valves  themselves  are  small  rotating  cylinders.  They  rotate  back  and  forth  through  an  angle 
of  about  130  deg.  Since  they  have  a  small  area  exposed  to  the  live  steam  pressure,  they  are 
subject  to  much  less  friction  than  the  D-slide  valve,  they  operate  more  easily,  and  are  less  liable 
to  wear,  and  more  easily  kept  tight. 

The  poppet  valve,  instead  of  rotating  or  sliding  as  in  the  three  former  cases,  rises  and  lowers 
on  a  seat.  It  is  circular  in  form  and  has  a  beveled  edge  to  fit  its  seat.  There  are  four  of  these 
valves  for  each  cylinder  as  in  the  case  of  the  Corliss  type,  two  steam  valves  and  two  exhaust 
valves.  The  length  of  time  that  the  steam  valves  are  open  is  governed  by  the  load  on  the  engine 
by  means  of  a  fly-ball  governor  geared  to  the  main  shaft.  Poppet  valves  are  well  adapted  to 
the  use  of  superheated  steam  on  account  of  its  tendency  to  cut  furrows  in  the  metal  under 
sliding  valves. 

In  all  single  valve  engines,  it  requires  care  in  setting  the  valve  as  all  functions  of  opening  for 
the  admission  and  closing  the  exhaust  for  compression  have  to  be  accomplished  with  a  single 
movement.  There  are  a  number  of  medium  speed  engines  having  short  stroke  and  fairly  high 
speeds  with  Corliss  valve  gear  for  variable  load  conditions  and  terminal  pressure.  In  many 
cases,  they  are  compounded  and  operated  condensing.  They  are  known  as  four  valve  engines 
and  combine  the  principles  of  the  Corliss  valve  with  comparative  high  rotative  speed. 

Nearly  all  reciprocating  engines  are  counter-flow,  that  is,  the  steam  flows  in  and  out  at  the 
same  end  causing  cylinder  condensation  due  to  the  varying  temperatures  of  the  expanding 
steam  in  contact  with  the  cylinder  walls.  The  Unaflow  engine  which  exhausts  at  the  center 
of  the  cylinder,  takes  its  name  from  the  fact  that  the  steam  flows  in  one  direction.  They  claim 
a  perfectly  tight  valve  is  the  reason  for  their  economy.  These  engines  are  adapted  to  super- 
heated steam  by  using  a  long  stroke  and  small  diameter  and  operating  non-condensing.  By 
so  doing  great  economy  may  be  obtained.  There  will  naturally  be  small  economy  of  con- 
densing with  one  cylinder  when  the  equipment  cost  is  considered. 

61a.  Compounding. — Where  very  high  pressures  and  steam  temperatures  are 
available,  it  pays  to  compound  the  engine  on  account  of  cylinder  condensation.  Compounding 
does  increase  the  bulk  of  the  engine  but  it  does  not  increase  its  rated  load.  Where  small  unita 
are  necessary  and  non-condensing  conditions  are  maintained,  a  lower  steam  pressure  and  higher 
speed  will  give  the  best  overall  results,  especially  if  there  is  a  vacuum  heating  system  in  which 
to  use  the  available  exhaust.  Also  the  fluctuations  of  the  heating  and  power  are  not  so  serious 
on  a  small  installation. 

Where  engines  are  over  600  hp.  they  should  be  compounded,  using  high  steam  pressures  and 
operating  condensing.     A  large  engine  is  seriously  reduced  in  economy  by  operating  it  non- 
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condensiiig  when  designed  for  condensing  conditions.  Better  overall  economy  due  to  low 
instaUation  cost  is  obtained  by  condensing,  using  high  pressure  live  steam  for  heating,  due 
to  the  reduction  of  the  engine  economy,  and  the  lack  of  heat  balance  between  the  heating 
and  power  with  a  constant  Bteam  power  rate.  This  is  amply  proven  by  cotton  mill  practice 
in  New  Ez^^land  where  the  main  engines  are  operated  under  high  vacuum,  and  high  pressure 
steam  is  used  for  heating. 

Table  ^  is  interesting  as  showing  the  reason  why  high  vacuums  (above  26  in.)  do  not  pro- 
duce an  overall  economy  as  great  in  proportion  to  the  cost  with  reciprocating  engines.  They 
work  on  a  difference  in  pressure  for  an  interchange  in  heat  since  the  cylinder  areas  and  piston 
speed  are  fixed.  Column  1  gives  the  absolute  pressures.  Column  5  gives  the  total  heat.  It 
diows  that  in  Column  9  a  constantly  decreasing  rate  in  pounds  pressure  per  B.t.u.  which  is  3.3 
for  atmosphere,  2.375  for  25  in.  of  vacuum,  and  1.8  for  28  in.  of  vacuum.  These  physical 
charaeteristics  are  bome  out  in  practice. 

It  is  impossible  to  obtain  in  a  reciprocating  engine  the  highest  econoihy  and  flexibility  of 
load.  There  is  a  point  at  which  any  engine  will  do  better,  depending  on  the  elements  of  design 
already  discussed.  Therefore,  in  selecting  a  type  of  engine,  its  design  should  be  modified 
so  as  to  be  most  economical  under  the  conditions  of  major  operation,  and  at  the  same  time 
furnish  the  full  required  power  load  under  all  conditions  of  operating  pressures. 

Tabls  37. — ^Relation  of  VoLrMRS  and  Pbbsstjres  of  Steam  as  Affbctino  the  Economt 

OF  Tdbbines  and  Engines 
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62.  Steam  Turbines. — There  are  three  types  of  tubines;  (1)  the  impulse  wheel  wherein 
the  steam  is  first  expanded  through  a  nozzle,  (2)  the  reaction  type,  and  (3)  the  several  combina- 
tions of  the  two. 

All  turbines  are  very  uneconomical  and  the  load  capacity  goes  down  rapidly  with  reduced 
vacuum,  but  the  impulse  wheel  under  the  conditions  of  design  for  full  vacuum  will  have  less 
capacity  than  the  reaction  type  for  loss  of  vacuum.  The  reason  for  the  effectiveness  of  high 
vacuum  in  the  case  of  turbo-generators  is  shown  in  Table  37,  Column  10.  The  cubic  feet  per 
B«t,u,  for  atmosphere  is  0.54,  for  10-in.  vacuum  0.723,  for  20-in.  vacuum  1.143,  for  ^6-in. 
vacuum  2,23,  and  for  28-in.  vacuum  3.82,  or  28-in.  vacuum  is  over  1)4  times  as  effective  as 
26-in.  vacuum.  These  are  not  quite  true  ratios  but  are  simply  given  so  as  to  convey  the 
physical  reason  for  these  conditions. 

62a.  Impulse  Type. — If  a  nozzle  is  arranged  so  that  the  difference  in  area  of 

the  inlet  and  the  outlet  end  corresponds  to  the  initial  and  terminal  volumes  of  the  pressures, 

the  steam  will  be  fully  expanded  and  the  entire  pressure  transformed  into  velocity.     Table  37 

gives  the  volume  at  150  lb.  as  2.754  cu.  ft.  per  lb.,  and  at  28  in.  of  vacuum  as  348.3  cu..  ft.  per 
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lb.  so  the  relative  areas  would  ^^  o  ycdi  ""  ^^^  times.    However,  when  steam  is  expanded  there 

is  no  increase  in  velocity  beyond  tlutt  corresponding  to  about  60  %  of  the  initial  pressure. 
This  steam  pressure  would  all  be  changed  to  velocity  and  if  it  strikes  a  moving  vane  at  twice 
the  speed  of  the  vane,  it  wUl  be  operating  under  conditions  of  maximum  economy.  In  practice 
these  vanes  and  nozzles  are  divided  in  stages  as  there  is  a  limit  to  the  speed  that  a  disk  of  this 
kind  can  operate  without  rupture.  This  is  the  principle  of  the  impulse  turbine  and  any  change 
in  the  terminal  pressures  requires  a  change  in  the  nozzle  relation,  or  the  economy  suffers.  So 
long  as  they  operate  under  the  condition  for  which  they  were  designed  the  economy  will  be 
slightly  greater  than  for  the  reaction  type.  The  stationary  blades  are  used  simply  to  change 
the  direction  of  flow  to  enter  the  next  wheeL 

626.  Reaction  T3^p6. — The  reaction  type  is  a  series  of  stationary  blades  on  the 
stator  or  cylinder  between  which  the  moving  blades  on  the  rotor  or  spindle  revolve.  The  velo- 
cities are  not  so  great  and  the  action  is  one  entirely  of  steam  expansion  and  reduction  of  pres- 
sure in  the  buckets  themselves  there  being  no  nozzles. 

62c.  Impulse  Reaction  Type. — This  is  a  combination  of  the  two  types  utilizing 
nozzles  and  impulse  wheels  in  the  high  pressure  stages  and  reaction  blading  in  the  low  pressure 
or  vacuum  stages. 

There  are  various  other  types  of  impulse  and  reaction  turbines,  such  as  low  pressure  and 
mixed  pressure.  These  are  extremely  economical  where  exhaust  steam  is  going  to  waste  from 
any  source,  such  as  from  steam  hammers.  The  fluctuation  of  the  available  exhaust  steam  to 
make  the  power  supply  constant  is  supplemented  by  passing  live  steam  through  a  reducing 
valve  with  some  attendant  superheat  or  by  adding  the  live  steam  through  an  impulse  wheel 
and  passing  the  exhaust  from  the  hammers  in  between  the  impulse  wheel  and  the  reaction 
blading.  With  2S-in.  vacuum  a  kilowatt  can  be  generated  with  about  35  to  40  lb.  of  exhaust 
at  16-lb.  absolute  pressure. 

In  bleeder  turbines,  the  same  scheme  is  used  as  extracting  steam  from  the  receiver  of  a 
reciprocating  engine  but  in  a  different  form.  This  steam  can  be  bled  at  5  lb.  pressure  up  to 
about  25  %  of  the  capacity  of  the  machine.  The  economy  for  the  power  recovery  is  no  greater 
than  any  high  pressure  turbine  exhausting  at  5  lb.  back  pressure,  and  as  a  rule  the  steam  rate 
for  this  portion  would  be  over  40  to  50  lb.  per  kw.  The  terminal  pressure  will  always  fix  the 
steam  rate  of  any  engine  within  limits. 

Due  to  the  fact  that  economical  turbines  require  such  high  speed,  it  would  be  impossible  to 
commutate  with  direct  current  direct-connected  generators.  There  is  the  alternative  of  sacri- 
ficing economy  by  a  reduction  of  speed  in  direct  connecting,  or  resorting  to  reduction  gears. 
It  is  always  a  good  idea  to  avoid  gears  wherever  possible  by  using  some  other  method.  Alter- 
nators  and  motor  generators  give  one  solution. 

63.  Superheated  Steam. — The  use  of  superheated  steam  is  more  economical  on  any  engine 
or  turbine  than  saturated  steam,  the  economy  being  inherent  in  the  physical  properties  of  the 
steam  rather  than  being  due  to  the  type  of  engine,  as  a  greater  volume  of  steam  at  any  pressure 
is  obtained  with  superheat  from  a  given  weight  of  water  making  a  greater  pressure  range  for  a 
given  amount  of  heat.  It  will,  however,  decrease  the  wear  on  the  blades  which  deteriorate 
rapidly  when  entrained  water  is  in  the  steam.  It  also  reduces  the  cylinder  condensation  when 
used  in  reciprocating  engines,  although  the  latter,  for  very  high  steam  temperatures,  require 
poppet  valves  and  a  different  type  of  construction  than  the  regular  engine.  These  advantages 
are  additional  to  those  previously  scheduled. 

64.  Comparisons  of  Engines  and  Turbines. — For  first  cost,  condensing  conditions,  space 
occupied,  simplicity  and  durability,  the  turbo-generator  cannot  be  surpassed.  For  non-con- 
densing conditions,  the  reciprocating  engine  is  better,  as  well  as  for  conditions  for  large  units 
where  low  vacuum  (26  in.  and  below)  only  is  available.  Even  in  the  latter  case,  the  advantages 
over  the  turbo-generator  are  but  slight. 

The  most  economical  arrangement  for  power  as  far  as  operation  is  concerned,  is  the  com- 
bination of  the  reciprocating  engine  for  the  steam  between  the  initial  pressure  and  atmosphere 
and  the  use  of  a  low  pressure  turbine  between  atmosphere  or  16  lb.  absolute  and  28  or  29  in.  of 
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vacuum.  The  first  cost  and  space  of  a  new  installation  does  not  warrant  the  investment  over 
the  condensing  turbine  but  where  the  engines  are  already  installed  it  is  an  excellent  method  of 
improving  the  economy.  A  fairly  large  unit  will  furnish  a  kilowatt  on  between  35  to  40  lb.  of 
exhaust  steam  after  passing  the  reciprocating  engine. 

65.  Condensing  Water  Reqtdred. — The  condensing  of  steam  to  produce  a  vacuum  and 
reduce  the  back  pressure  involves  the  absorption  of  the  latent  heat  of  the  steam  of  about  1040 
B.t.u.  per  lb.  and  the  removal  of  all  extrained  air.     The  amount  of  water  necessary  to  cool  a 

pound  of  steam  if  its  outboard  temperature  is  limited  to  90  deg.  and  its  entrance  temperature 

1040 
to  70  deg.  as  is  possible  in  summer,  is    ^n    ^  ^^  ^^*  P^^  ^^*  ^^  steam.     As  some  of  the  heat  has 

already  been  taken  up  by  radiation  and  in  the  form  of  entrained  moisture,  950  to  1000  B.t.u. 
per  Jb.  can  be  used  as  the  latent  heat  of  the  exhaust  steam. 

$6.  Removal  of  Entrained  Air. — If  there  were  no  air  present,  the  temperature  of  the  con- 
densate from  a  condenser  would  indicate  the  vacuum  or  absolute  pressure.  The  amount  of  air 
present  is  determined  by  the  relation  of  this  temperature  with  the  corresponding  pressure;  as 
the  pressure  is  what  is  desired  for  economy,  the  removal  of  the  air  must  be  accomplished  by  a 
dry  air  pump.  The  question  of  air  removal  is  not  as  serious  in  vacuums  below  25  in.  but  be- 
comes absolutely  imperative  for  vacuums  from  25  to  29  in.  When  the  air  is  handled  by  one 
pump  and  the  condensate  by  another,  the  system  is  known  as  dry.  When  only  one  pump 
is  used  for  both  air  and  water,  it  is  known  as  the  wet  system. 

67.  Condensers. — Condensers  are  classed  as  surface  condensers  and  jet  condensers.  The 
former  require  tube  heating  surface  with  cold  water  pumped  through  the  tubes,  and  jet  con- 
densers have  a  jet  of  water  mingling  with  the  steam.  Surface  condensers  cost  more  but  where 
water  for  the  boilers  is  bad,  they  pay  for  themselves  in  a  short  time  due  to  the  re-use  of  the 
purified  condensate,  to  say*  nothing  of  the  heat  contained  in  the  returned  water.  In  case  the 
vacuum  drops  on  a  surface  condenser  it  will  recover,  but  with  the  jet  t3rpes,  if  it  goes  anywhere 
near  as  low  as  10  in.,  it  will  break  and  the  machine  will  have  to  be  shut  down  to  reestablish  the 
vacuum.  The  surface  condenser  will  use  less  injection  water  and  by  increasing  the  surface 
and  pumpage,  much  higher  temperatures  may  be  used  than  with  the  jet  condenser  without 
breaking  the  vacuum. 

66.  Aiudliaries. — Dry  air  pumps,  circulating  pumps,  and  similar  auxiliaries  are  generally 
operated  by  independent  steam  driven  units  inasmuch  as  with  high  vacuums  it  is  necessary  to 
use  some  exhaust  steam  to  raise  the  condensate  from  120  to  210  deg.  for  feed  purposes.  This 
may  be  a  source  of  waste  if  too  little  attention  is  paid  to  the  amount  of  power  obtained  before 
the  exhaust  steam  is  utilized;  for  instance,  small  non-condensing  turbines  sometimes  use  more 
steam  than  that  required  by  the  main  units.  It  is  just  as  important  to  obtain  a  fair  water  rate 
and  corresponding  power  recovery  from  this  auxiliary  steam  as  from  the  main  units. 

There  are  numbers  of  plants  that  would  show  a  saving  if  live  steam  were  used  to  heat  the 
feed  water  and  the  auxiliary  were  condensed,  because  so  little  actual  efficient  power  generation 
is  obtained  from  this  steam.  Especially  is  this  true  if  there  is  a  waste  to  the  atfnosphere 
from  fluctuation  of  the  load.  This  can  be  avoided  by  operating  part  of  the  auxiliaries 
electrically. 

Where  there  are  no  ponds  or  natural  sources  of  water  supply,  a  system  of  cooling  may  be 
installed  based  on  an  air  supply  or  the  mechanical  evaporation  of  water.  There  are  two  me- 
thods: (1)  cooling  towers  and  (2)  spray  ponds. 

Cooling  towers  are  of  four  classes:  (1)  natural  draft  closed  type,  (2)  forced  draft,  (3) 
natural  draft  open  type,  and  (4)  natural  and  forced  draft  combined.  The  cooling  of  the  water 
in  towers  is  accomplished  by  evaporation,  convection,  and  radiation,  but  mainly  by  evaporation. 
It  is  necessary  to  evaporate  in  the  tower  an  amount  of  water  equivalent  to  the  condensate  but 
as  a  matter  of  fact,  the  loss  and  use  of  water  from  a  cooling  tower  is  less  than  when  the  engines 
exhaust  to  the  atmosphere.  Assuming  a  non-condensing  engine  uses  40  lb.  of  steam  per  kw.-hr. 
at  the  switchboard,  all  except  10  %  retained  for  heating  feed  water,  is  exhausted  to  the  atmos- 
phere and  lost.  A  cooling  tower  and  condenser  would  use  not  more  than  25  lb.  per  kw-.hr.  or 
save  about  30  %. 
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Where  land  is  available,  a  spray  pond  is  the  least  costly  method  of  cooling  injection  water. 
The  idea  is  to  spray  a  film  of  water  into  the  air  bringing  as  great  a  surface  in  contact  with  the 
surrounding  air  as  possible.  Both  cooling  towers  and  spray  ponds  are  apt  to  throw  water  in 
finely  divided  drops  on  surrounding  property,  and  this  fault  should  be  cared  for  in  selecting 
any  system  as  well  as  its  location.  The  Ford  Motor  Company  uses  the  roof  of  one  of  its  build- 
ings as  a  spray  pond  and  all  of  the  condensing  capacity  for  the  main  engine  plant  is  handled  in 
this  manner;  there  is,  however,  considerable  fine  spray  thrown  when  the  wind  blows  heavily 
from  certain  directions,  although  not  in  any  way  serious. 

PIPING  AND  FITTINGS 

69.  Pipe. — Standard  pipe  may  be  used  for  any  and  all  purposes  in  heating  and  power  work 
as  it  is  tested  to  500  lb.  pressure  and  over.  The  relative  values  of  steel  and  wrought-iron  pipe  are 
at  present  one  of  cost.  Wrought-iron  pipe  as  made  by  Byers  Company  is  probably  purer  iron 
which  accounts  for  its  longer  life.  In  steam  heating  systems  it  makes  little  or  no  difference 
except  in  the  case  of  the  return  pipes  which  deteriorate  more  rapidly  than  in  any  other 
service.  In  hot  water  systems  if  the  water  is  not  changed  in  the  system  so  as  to  admit  air, 
either  wrought  iron  or  steel  lasts  indefinitely.  If  the  water  is  changed  and  the  air  is  allowed  to 
enter  the  S3rstem  dissolved  in  the  water,  there  is  apt  to  be  trouble  in  any  case.  Steel  pipe  made 
by  the  Bessemer  process  is  apt  to  have  impurities.  Impure  places  are  generally  the  points 
where  chemical  action  shows*  first.  Water  pipes  for  domestic  service,  even  when  galvanized, 
are  short  lived  in  many  cases. 

The  secret  of  non-corrosion  in  all  piping  is  the  purity  of  the  iron,  whether  steel  or  wrought 
iron.  The  latter,  due  to  its  process  of  manufacture  in  a  puddling  furnace,  is  apt  to  be  purer 
metal  but  this  carries  no  assurance  of  the  fact.  Table  38  is  a  complete  list  of  standard  pipe 
dimensions. 

70.  Joints  and  Flanges. — In  all  high  pressure  piping  and  in  fact  where  large  sizes  are  used 
for  any  purpose,  bends  should  be  used  to  eliminate  fittings  and  joints.  For  high  pressure  work 
there  are  four  types  of  joints:  (1)  the  screwed  joint,  (2)  the  Van  Stone  joint,  (3)  the  welded 
joint,  and  (4)  the  shrunk  joint.  In  the  last  two  cases  the  pipe  is  rigidly  and  permanently  fastened 
to  the  flange  by  shrinking  or  welding.  In  the  case  of  the  Van  Stone  or  Cranelap,  the  flanges 
are  loose  on  the  pipe  and  the  laps  of  the  pipe  are  clamped  between  them. 

Flanges  are  made  of  cast  iron  and  forged  steel.  In  all  cases  the  face  of  the  joint  should  be 
machined.  The  Van  Stone  joint  with  a  perfectly  smooth  finish  to  the  laps  of  the  pipe,  makes  the 
best  joint  although  some  prefer  the  other  types.  Flanges  of  all  types  are  made  standard  and 
of  extra  heavy  cast  iron,  or  extra  heavy  steel  for  superheated  steam. 

There  are  various  types  of  gaskets  on  the  market  which  serve  well  for  this  service,  such  as 
corrugated  copper  which  is  all  right  for  saturated  steam.  Corrugated  steel  should  be  used  for 
superheated  steam.  Plain  rubber  or  '^ rainbow  "  with  screwed  flanges,  is  best  for  hot  water  and 
steam  heating.  In  some  stations,  ground  joints  are  used  with  no  gasket,  the  faces  of  the  joint 
being  ground  off  until  they  fit  perfectly.  Some  years  ago  one  face  was  actually  ground  against 
another.  Using  rough  surfaces,  several  kinds  of  material  in  the  gaskets,  and  grooved  faces 
are  no  improvement  over  a  perfectly  smooth  surface,  with  or  without  the  thinnest  kind  of  a 
gasket.  The  surfaces  being  smooth  and  perfectly  faced  have  more  to  do  with  making  tight  joints 
than  anything  else.  Bolts  should  all  have  finished  hexagonal  nuts  and  bolt  holes  should  be  spot 
faced. 

71.  Rules  for  Flanged  Fittings. — American  1915  Standardj  Extra  Heavy. — 1.  Extra  heavy 
reducing  elbows  carry  same  dimensions  center  to  face  as  regular  elbows  of  largest  straight  size. 

2.  Extra  heavy  tees,  crosses  and  laterals,  reducing  on  run  only,  carry  same  dimensions  face 
to  face  as  largest  straight  size. 

3.  Where  long  turn  fittings  are  specified,  it  has  reference  only  to  elbows  which  are  made  in 
two  center  to  face  dimensions  and  to  be  known  as  elbows  and  long-turn  elbows,  the  latter  being 
used  only  when  so  specified. 
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4.  Extra  heavy  fittings  must  be  guaranteed  for  250  lb.  working  pressure,  and  each  fitting 
must  have  some  mark  cast  on  it  indicating  the  maker  and  guaranteed  working  steam  pressure. 

5.  All  extra  heavy  fittings  and  flanges  to  have  a  raised  surface  He  i°-  high  inside  of  bolt 
holes  for  gaskets.  Thickness  of  flanges  and  center  to  face  dimensions  of  fittings  include  this 
raised  surface.  Bolt  holes  to  be  }i  in.  larger  in  diameter  than  bolts.  Both  holes  to  straddle 
center  lines. 

6.  Size  of  all  fittings  scheduled  indicates  inside  diameter  of  ports. 

7.  Square  head  bolts  with  hexagonal  nuts  are  generally  recommended  for  use. 

8.  Double  branch  elbows,  side  outlet  elbows  and  side  outlet  tees,  whether  straight  or  re- 
ducing sizes,  carry  same  dimensions  center  to  face  and  face  to  face  as  regular  tees  and  elbows. 

9.  Bull  head  tees  or  tees  increasing  on  outlet,  will  have  same  center-to-face  and  face-to-face 
demensions  as  straight  fitting  of  the  size  of  the  outlet. 

10.  Tees,  crosses  and  laterals  16  in.  and  smaller,  reducing  on  the  outlet,  use  the  same  di- 
mensions as  straight  size  of  the  larger  port.  Sizes  18  in.  and  larger,  reducing  on  the  outlet,  are 
made  in  two  lengths,  depending  on  the  size  of  the  outlet  as  given  in  the  table  of  dimensions. 

11.  For  fittings  reducing  on  the  run  only  a  long  body  pattern  will  be  used.  Y's  are  special 
and  made  to  suit  connections.     Double  branch  elbows  are  not  made  reducing  on  the  run. 

12.  Steel  flanges,  fittings  and  valves  are  recommended  for  superheated  steam. 

72.  Fittings  and  Valves. — All  flanged  fittings  and  valves  are  made  for  three  weights, 
standard  for  125  lb.  of  steam,  medium  for  150  to  175  lb.  of  steam,  and  extra  heavy  cast  iron 
for  250  lb.  steam.  They  are  also  made  in  steel  for  superheated  steam.  There  are  also 
light  fittings  and  valves  in  large  sizes  over  12  in.  made  especially  for  exhaust  piping  and  conden- 
ser work.  High  pressure  valves  are  generally  outside  screw  and  yoke,  with  bronze  or  steel 
stem  and  fittings. 

Screwed  fittings  are  made  standard  and  extra  heavy,  and  also  of  steel  for  superheated  steam. 
Brass  fittings  are  made  in  two  patterns — one  cast  iron  and  one  malleable  iron — the  latter 
being  much  lighter.  The  heavy-cast-iron  pattern  will  stand  any  pressure  liable  to  occur  in  any 
power  plant  practice.  All  valves  are  made  of  brass  for  sizes  2  in.  and  under  and  are  all  made 
in  three  weights — all  over  2  in.  have  cast-iron  bodies  screwed  or  flanged.  Flanged  valves  are 
generally  called  for  on  all  sizes  4  in.  and  over,  and  sometimes  as  low  as  3-in.  As  a  rule,  only 
steel  can  be  used  for  superheated  steam. 

Couplings  are  just  as  good  as  flange  unions  in  long  lines  of  pipe  and  eliminate  gasket  joints 
although:  sufficient  number  should  be  provided  to  make  disconnecting  easy.  The  use  of  flange 
joints  is  considerably  overdone  in  all  classes  of  work.  The  size  of  pipe  should  have  little  to  do 
with  the  use  of  flanges.  The  details  should  be  made  such  that  assembling  and  disconnecting 
can  be  accomplished  with  the  minimum  of  labor.  A  good  screw  joint  is  better  than  a  flanged 
joint  where  a  gasket  is  in  addition. 

In  all  heating  work,  standard  screwed  fittings  and  flanged  fittings  may  be  used  throughout. 
In  water  heating  systems  water  fittings  should  be  used.  It  is  good  policy  to  use  short  turn  fit- 
tings on  branches  to  radiators,  due  to  cost  and  space.  Therefore,  they  should  be  fairly  large. 
Gate  valves  are  always  preferable  to  globe  valves  especially  on  water,  due  to  friction.  In 
cases  where  it  is  necessary  for  throttling,  high  pressure  steam  globe  valves  with  nickel  removable 
seats  should  be  used. 

73.  Blow  Off  and  Feed  Pipes. — Blow  off  and  feed  piping  for  power  plants  should  be  extra 
heavy,  not  from  the  point  of  view  of  strength  but  from  the  fact  that  they  are  subject  to  corrosion 
more  than  any  other  portion  of  the  system.  In  past  years,  brass  was  used,  but  the  cost  is 
excessive,  and  extra  heavy  pipe  is  a  better  paying  investment  even  when  the  pipe  has  to  be  ulti- 
mately replaced.  Cast-iron  fittings  and  brass  pipe  make  a  good  combination  and  this  construc- 
tion will  resist  corrosion  permanently. 

74.  Pipe  Covering. — All  exposed  surfaces  of  mains  and  heating  pipes  should  be  covered 
with  insulating  material  to  prevent  loss  of  heat,  especially  if  these  pipes  are  located  where  the 
radiated  heat  will  be  of  no  service.  The  radiation  from  such  surfaces  is  greater  in  proportion 
to  the  temperature  difference  than  for  cast-iron  radiating  surface.     Cast-iron  heating  boilers 
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are  generally  covered  with  asbestos  cement  13^  to  2  in.  thick,  wired  on,  and  the  whole  given  a 
coating  of  hard  cement  fuiish. 

When  hot  water  systems  are  used  with  a  comparatively  wide  range  in  the  temperature  of 
the  water,  it  is  unnecessary  to  cover  exposed  riser  pipes  in  the  rooms  as  the  water  temperatures 
may  be  reduced  if  the  pipes  are  left  exposed.  This  means  a  saving  of  many  thousands  of  dollars 
in  large  buildings  of  the  commercial  type  where  the  covering  amounts  to  nearly  as  much  as  the 
piping  itself. 

All  coverings  have  for  their  insulating  principle  the  cellular  inclosure  of  air;  the  smaller  the 
cells,  the  lighter  the  covering  and  the  better  the  insulating  qualities.  Hair  felt,  magnesia  car- 
bonate, asbestos,  diatomite,  mineral  wool,  paper,  and  cork  are  some  of  the  materials  used  for 
insulation.  Enclosed  stationary  air  is  the  very  best  insulator,  therefore  hair  felt  is  one  of  the 
most  efficient  of  the  commercial  coverings,  but  it  deteriorates  and  chars  under  high  temperatures. 

Cork  covering  is  also  highly  efficient  and  is  extensively  used  on  cold  water  and  refrigerating 
pipe  lines  but  is  not  favored  for  high  temperatures.  Mineral  wool  has  been  used  extensively 
for  underground  mains.  This  is  made  from  blast  furnace  slag  blown  into  fine  fibers.  Due  to 
the  presence  of  sulphur,  if  any  moisture  gets  near  the  covering  and  pipe,  it  eats  the  pipe  surface 
very  rapidly. 

Asbestos  and  magnesia  carbonate  have  come  into  almost  universal  use  for  pipe 
insulation  due  to  their  incombustility  and  excellent  insulating  qualities.  Diatomite  is  a  natural 
silicate  composed  of  the  minute  shells  of  sea  animals.     It  is  also  known  as  infusorial  earth. 

Where  exceedingly  high  steam  temperatures  are  used,  magnesia  or  asbestos  2  and  3  in. 
thick  should  be  used  for  covering  because  they  are  incombustible.  Judgment  should  be  used 
in  selecting  the  material  and  thickness  for  pipe  coverings,  the  temperature  and  permanency  being 
the  controlling  factors.  There  is  no  advantage  in  using  thick  magnesia  coverings  on  low  tem- 
perature hot  water  mains.  The  heat  loss  with  the  pipe  covered  should  be  under  10  to  15  %. 
Thickness  and  first  cost  should  be  considered  in  order  to  obtain  this  result. 
^  Paper  coverings  buUt  up  with  air  cells  are  very  economical  for  low  pressure  work,  the  paper 
being  in  the  form  of  asbestos  mill  board.     Wool  felt  is  also  economical. 

Where  long  mains  are  run  underground  and  the  heat  is  entirely  lost,  the  insulation  of  the 
pipe  becomes  very  important  and  the  most  efficient  is  none  too  good.  Underground  drainage  is 
also  very  important  in  this  class  of  work.  ** 

Ordinarily,  covering  1  in.  thick  is  sufficiently  heavy  for  use  in  buildings.  For  use  in  tunnels 
and  trenches  and  for  high  pressure  steam,  at  least  2  in.  thick  should  be  used.  All  pipe  covering 
comes  in  molded  sections  about  3  ft.  long  made  for  the  different  commercial  pipe  sizes.  The 
fittings  are  covered  with  a  cement,  finished  smooth,  and  the  whole  canvas  jacketed  and  painted 
with  oil  or  water  paint.  Table  39  by  J.R.Allen,  gives  the  relative  insulating  qualities  of  differ- 
ent materials.  Table  40  gives  the  losses  for  magnesia  in  B.t.u.  lor  different  sizes  of  mains 
with  the  last  column  of  Table  39  (relative  insulating  value)  the  loss  for  any  size  pipe  and  covering' 
may  be  readily  dptermined  in  B.t.u. 
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Table  39. — ^Relative  Conductivities  of  Various  Commebgial  Coverings 

(J.  R.  Allen) 


Material  of  covering 

Pounds  of 
steam  per  hour 

per  sq.  ft. 
(covered  pipe) 

Ratio  con- 
densation of 
covered  pipe 
to  bare  pipe 

Thickness 

of  covering 

(in,) 

B.t.u.  lost 

per  sq.  ft. 

per  hr. 

Relative  in- 
sulating value 
compared  with 
1  in.   hair  felt 
and  canvas 

Moulded 

0.145 
0.110 
0.125 
0.100 
0.117 
0.134 

0.007 
0.105 
0.100 
0.080 

0.388 
0.070 

0.310 
0.224 
0.300 
0.228 
0.234 
0.260 

0.103 
0.220 
0.217 
.0.186 

0.777 
0.150 

1.23 
0.04 
1.12 
1.12 
1.16 

•  •  •  • 

0.04 
1.12 
1.35 
1.45 

•  •  •  • 

•  •  •  • 

136 
166 
118 
102 
110 
125 

01 

102 

04 

76 

864 

68 

0.803 
0.015 
0.870 
0.010 
0.004 
0.828 

0.052 
0.020 
0.023 
0.060 

0.263 
1.000 

ABbeBtoa 

Mfvgneiria 

Magnesia  and  asbeetoB 

Aabestoe  and  wool  felt 

Wool  felt 

Wool  felt  and  iron 

Sectional  coverings 

Mineral  wool 

Asbestos  sponge 

Asbestos  felt 

Hair  felt 

Non-sectional  coverings 

2  layers  asbestos  paper 

1  in.  hair  felt  and  canvas 

©  Thermostat 

H-l  f^rstftoors^oipfy 

C-2  Second  fkxr  £xt7. 
-^  Pipe  tianger 
-^  Pipe  anchor 
-•iH  Expanskfn Joint 

f^^  ^ibonf-hoking  (3bw7 

o-  tibofi^kx^ing  up 
•Jbi-  "ke- idofring  cfoivn 
-o-  'ke-toofang  ckmt 
^  U  Pipe  coil 
QD  i>7mper 

Ci  Tofkt  exhaust 

B  Kikhen  exhaust 
eaca  Yento-pkin 
CQ  yento-elewtion 
reAV  Auto,  air  vah/e 
'^Sr-  Ciiecif  yai\x9 
•-^Diaphram  ^xxNe 
Argi9  ¥u/v9 
SaiSftyva/^ 
|B»  Hot  waier  heater 
R-RP  HbgisteroriilBgL  tbce 
IS-Bfil  hp  or  bottom  grii/e 
CH  Air  vi^asher 

FxQ.  33. — System  of  characters  for  use  in  drawing  plans  for  power  heating  and  ventilation. 


'^  tfigih  pTBssu/v  sfecHTt 
-High  pressLOV  drip 
Lout  pressure  stecen 
Loi¥pres$ure  return 
Low  pressure  drip 
Trap  d/sctjorge 
Cb/umn  roMor-plan 
Cokjmn  wdtator-^tev. 
V^ll  radiator- ptan 

Jmrtl  Walt  radiator-  ete^ahon 

«— •  Pipe  coif-pfah 

V~\  Fipe  ooil-  elevation 
^  Suppfy  dbctor/Tue 
S  Exhaust  (Afct  or  f/ue 

D-*fii  5t$^py  register 

g^B  Exhaust  register 

J*o3-  Trap 

-~^^~- Gate  vatye 

-^5!—0bbe  valve 
"»  ■  yitorier  seat  orThermo  trvp 

^^SS^  inducing  valve 

oa  Piston  pump 

9   Fan 

(f]  ttotor 
Engine 
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Table  40. — Heat  Losses  from  Magnesia  Canvas  Covered  and  Uncovered  Pipe 

(Per  160-lb.  pressure  and  60-deg.  air  temperature.    For  any  other  pressure,  use  Unit  *'C." 

Other  coverings  can  be  compared  by  efficiency  Table  39.) 

(Babcock  and  Wilcox) 


1 

Sise 

of 

pipe 

(in.) 

Unit 

of 

loss 

Thickness  of  covering  in  inches 

Bare 

H 

H 

1 

IH 

IH 

A 

697 

149 

118 

99 

86 

79 

2 

B 

959 

240 

190 

161 

138 

127 

c 

3.189 

0.770 

0.613 

0.519 

0.445 

0.410 

1 

A 

876 

206 

172 

137 

117 

106 

3 

B 

955 

225 

187 

149 

128 

115 

1 

C 

3.08 

0.723 

0.602 

0.479 

0.413 

0.372 

A 

1085 

217 

216 

160 

139 

123 

4 

B 

921 

210 

164 

136 

118 

104 

C 

2.97 

0.677 

0.592 

0.439 

0.381 

0.335 

A 

1326 

301 

247 

193 

166 

146 

5 

B 

908 

206                    169 

132 

114 

100 

C 

2.93 

0.666        !        0.546 

1 

0.425 

0.368 

0.323 

A 

1555 

352 

269 

221 

190 

167 

6 

B 

897 

208 

155 

127 

110 

96 

c 

2.89 

0.655 

0.500 

0.410 

0.355 

0.310 

A 

1780 

400 

304 

250 

212 

188 

7 

B 

890 

200 

152 

125 

106 

94 

c 

2.87 

0.643 

0.490 

0.402 

0.345 

0.303 

A 

1994 

443 

337 

276 

235 

207 

8 

B 

883 

196 

149 

122 

104 

92 

C 

2.85 

0.632 

0.481 

0.394 

0.335 

0.297 

A 

2468 

549 

*416 

337 

287 

250 

10 

B 

877 

195 

148 

120 

102 

89 

C 

2.83 

0.629 

0.477 

0.387 

0.329 

0.287 

A 

2900 

647                     490 

393 

337 

280 

12 

B 

871 

194        ,             147 

118 

101 

84 

C 

2.81 

0.626 

0.473 

1 

0.380 

0.323 

0.269 

Unit  "A" 
Unit  "B" 
UnifC" 


B.t.Q.  per  lin.  ft.  per  hr. 
B.t.u.  per  sq.  ft.  per  hr. 
B.t.u.  per  vq.  ft.  per  deg.  Diff.  per  hr. 


SECTION  2 
WATER  SUPPLY  DATA  AND  EQUIPMENT 

By  W.  G.  Ejrchoffer 


SOURCES  OF  WATER  SUPPLY 

1.  Water  in  General. — Water  is  the  most  universal  solvent  known  and  for  that  reason  is 
never  found  pure  in  nature.  Falling  in  the  form  of  rain,  it  absorbs  dust  and  gases  from  the 
atmosphere ;  flowing  over  and  through  the  earth,  it  absorbs  organic  and  mineral  matters.  Pure 
water,  as  distilled  in  the  laboratory,  is  composed  of  two  elements,  hydrogen  and  oxygen,  in  the 
proportion  of  two  volumes  of  hydrogen  to  one  of  oxygen,  and  by  weight,  one  of  hydrogen  to 
eight  of  oxygen.  The  term  pure  water,  as  loosely  used  in  a  commercial  or  domestic  sense, 
usually  means  that  it  is  wholesome  and  potable. 

Surface  waters  usually  contain  organic  matter  as  well  as  mineral  matter,  but  groundwaters, 
especially  those  of  deep-seated  origin,  contain  little  or  no  organic  matter,  but  always  some  min- 
eral matter.  The  most  common  mineral  matters  found  in  well  waters  are  the  salts  of  calcium, 
magnesium,  sodium,  iron,  silica,  potassium,  and  aluminum,  in  the  order  named.  When  water 
contains  much  lime  and  magnesium  salts,  it  is  called  hard.  These  matters  in  solution  do  not 
appreciably  increase  its  weight  until  it  becomes  saturated  like  sea  water,  when  it  is  about  2% 
heavier  than  distilled  water. 

Water  occurs  in  three  physical  states — solid,  liquid,  and  gaseous — and  under  proper  changes  in  temperature 
and  pressure  can  be  readily  transformed  from  one  to  the  other.  The  mineral  and  organic  content  of  water  has 
very  little  effect  upon  the  flow  of  water  except  as  it  roughens  surfaces  with  which  it  comes  in  contact  by  forming 
incrustations,  and  thus  decreases  the  velocity  or,  as  in  some  extreme  cases,  decreases  the  diameter  of  the  pipe. 

Water  is  practically  an  incompressible  liquid  of  constant  volume  except  as  it  changes  during  the  process  of 
freezing  or  vaporising.     At  62  deg.  F.  it  weighs  62.355  lb.  per  cu.  ft.,  or  8.33  lb.  per  gaI.(U.  S.). 

2.  Rainfall. — Rainwater,  if  obtained  before  reaching  the  surface  of  the  earth,  is  the  purest 
form  of  natural  water,  as  is  also  snow.  However,  as  soon  as  it  has  come  in  contact  with  the 
soil,  it  becomes  contaminated  owing  to  its  solvent  action.  Ice  is  also  a  very  pure  form  of 
natural  water,  as  most  of  the  substances  in  solution  lire  forced  out  into  the  surroimding  water 
during  the  process  of  freezing.     Water  that  is  contaminated  bacteriologically,  is  purified  to  a 

Table  1. — Seasonal  Rainfall 
(Inches  per  season) 


Locality 


Spring 


Summer 


, 

a 

H 

> 

tf 

< 

;^ 

>. 

a 




Autumn 


< 


a 


Winter 


> 
< 


a 


M 


Monthly, 
(in.  per  mo.) 


c 


M 

01 


New  England  and  Central 
SUtes 

Southern  and  Gulf  States 

Upper  Mississippi  and  Lake 
Region 

Plain  and  Rocky  Mountain 
Region 

Western  Plateau 

Pacific  Coast  States 


11.17 
12.66 

8.9 

5.74 

2.1 

8.2 


0.2 
9.8 

6.5 

4.6 
1.3 
6.2 


13.5 
14.9 

11.0 

8.1 
3.4 
9.8 


12.6 
16.14 

11.4 

6.66 

3.1 

2.3 


10.5 
12.5 

9.7 

2.1 
0.8 
0.3 


13.3 
21.4 

12.4 

10.9 
5.8 
6.9 


10.86 
10.9 

8.41 

3.76 

2.3 

8.16 


9.0 
9.5 

6.8 

2.2 
1.3 
3.6 


12.3 
14.2 

9.7 

7.6 

3.5 

10.6 


10.99 
12.3 

6.44 

3.2 
2.95 
16.6 


9.3 
9.1 

3.1 

1.6 

2.0 

11.0 


14.5 
15.4 

10.8 

6.0 

3.5 

21.0 


3 
2 


10 
0 


6H 
5>i 
12 
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great  extent  by  the  process  of  freezing,  and  ice  that  has  been  frozen  for  a  few  months  is  considered 
perfectly  safe  to  use  by  some  authorities  even  though  its  source  had  been  polluted. 

The  amount  of  rainfall  per  minute,  hour,  day,  month,  season,  or  year  rariee  sreatly  in  all  parte  of  the  globe. 
Only  a  general  notion  can  be  given  here  of  the  amounts  and  variations  in  the  United  States.  A  knowledge  of  the 
rainfall  in  connection  with  buildings  is  useful  where  the  supply  is  taken  from  a  small  stream  or  river;  where  rainwater 
is  collected  from  roofs  and  stored  in  cisterns  for  domestic  or  industrial  uses;  and  where  the  roof  areas  are  so  large 
as  to  materially  effect  the  sise  of  rain  leaders  (down  spouts). 

The  annual  rainfall  east  of  the  Appalachian  Range  is  40  to  50  in.,  well  distributed  throughout  the  year.  West 
of  this  range  and  east  of  the  Mississippi  River  it  amounts  to  about  30  in.,  on  the  great  plains  15  to  30  in.,  between 
the  Rockies  and  Sioras,  10  to  20  in.,  and  on  the  Pacific  slope,  20  to  100  in.  The  higher  limits  are  usually  along 
the  coast  lines  and  about  the  Great  Lakes. 

The  data  given  in  Table  1  should  be  used  only  as  a  general  guide.  For  more  detailed  information,  see  United 
States  Weather  Bureau  reports  and  works  on  Hydrology. 

3.  Ground  Water. — Ground  water  is  a  term  applied  to  waters  whose  source  is  from  the  ground, 
whether  from  springs,  seeps,  or  deep  or  shallow  weQs.  Ground  waters  are  always  colder  in 
summer  and  warmer  in  winter  than  surface  waters,  except  those  very  deep-seated  waters,  such 
as  boiling  springs  and  geysers.  The  temperature  of  ground  water  below  a  depth  of  50  ft.  is 
the  same  as  the  mean  annual  temperature  f ogr  the  locality  and  does  not  vary  from  season  to 
season.  The  temperature  below  this  depth  increases  1  deg.  F.  for  each  60  ft.  The  outer  crust  of 
the  earth  to  a  depth  of  50  ft.  b  influenced  by  the  seasonal  variations  of  temperature.  From 
these  facts  it  is  possible  to  predict  from  what  depth  any  water  comes  by  comparing  its  tempera- 
ture with  the  mean  temperature  for  that  locality.  Ground  waters  are  the  most  largely  used 
sources  of  water  for  domestic  purposes.  A  good  potable  water  is  one  which  is  free  from  pollu- 
tion and  contains  some  mineral  matter  which  makes  it  pleasing  to  the  taste.  Distilled  water 
is  very  flat  and  insipid. 

So.  Drilled  Wells. — Drilled  wells  derive  their  water  from  rock  or  consolidated 
formations,  such  as  sandstones,  conglomerates,  limestones,  and  trap  rocks.  The  soft,  caving 
formations  above  the  rock  are  cased  off  with  standard  wrought-iron  pipe  or  well  casing,  which 
should  be  driven  firmly  into  the  rock  formation.  Where  possible  it  is  preferable  to  extend 
the  casing  through  any  soft  rock  formation,  such  as  shales  lying  above  the  water-bearing  rock. 
In  some  cases  wells  are  ''grouted"  from  the  surface  of  the  water-bearing  formation  to  the  sur- 
face of  the  ground.  In  the  case  where  the  grouting  is  to  be  done  on  a  new  well,  that  portion 
of  the  well  that  must  be  grouted  is  drilled  to  a  large  diameter,  say  12  to  20  in.,  and  to  a  depth 
sufficient  to  prevent  leakage,  seepage,  etc.  The  depth  to  be  grouted  is  usually  predetermined 
by  a  knowledge  of  the  strata  and  should  preferably  extend  to  or  near  the  top  of  the  water- 
bearing formation  from  which  it  is  desired  to  obtain  the  water.  An  outside  casing  must  be 
used  where  the  formations  above  the  rock  cannot  be  kept  from  caving  long  enough  to  permit 
of  the  completion  of  the  work. 

The  hole  at  the  bottom  of  the  grout  should  be  made  smaller,  of  a  size  just  large  enough 
to  receive  the  "liner  "  which  should  be  seated  firmly  in  the  rock  to  a  depth  of  at  least  2  ft.  The 
liner  can  be  made  of  any  grade  of  metal  sufficiently  strong  to  withstand  handling  and  prevent 
collapse.  The  tops  of  both  the  outside  and  inside  casings  should  reach  the  surf  ac  e  of  the  ground, 
or  to  the  point  where  the  water  is  to  be  taken  off.  In  the  case  of  flowing  wells,  the  liner  may  be 
used  as  the  discharge  or  suction  pipe  if  pumping  is  done,  and  would  be  directly  connected  to  the 
pump  or  horizontal  pipe.  The  space  between  the  two  casings  should  be  at  least  2  in.,  but  more 
is  desirable.  The  space  between  the  inner  casing  (lii^^r)  and  the  drill  hole  is  filled  with  neat 
cement  grout  which  is  forced  into  the  space  by  a  hand  pump. 

The  following  apparatus  is  necessary:  a  line  of  l>i-in.  pipe,  sufficient  to  reach  within  10  ft.  of  the  bottom  of  the 
space  to  be  grouted,  a  hand  or  tank  pump,  and  a  half  barrel  or  water-tight  box  of  about  the  same  sise,  in  which  the 
grout  is  placed.  The  1  V^-in.  pipe  is  hung  between  the  liner  and  the  outside  of  the  well  and  is  so  connected  that  it 
can  be  readily  raised  as  the  filling  progresses.  The  grout  is  made  of  cement  of  such  a  consistency  that  it  will  pour 
readily  and  no  sand  is  added  to  the  grout  while  the  pump  is  in  use. 

The  yield  of  a  well  depends  upon  its  diameter,  the  water-bearing  strata  intersected,  the  depth  of  the  well  (as 
effecting  friction),  and  the  ability  of  the  pump  to  lower  the  water. 

Where  the  water-bearing  strata  is  of  a  uniform  nature  or  texture,  such  as  sandstone,  the  yield  varies  with 
the  phsrsical  structure  of  the  strata  and  directly  with  its  thickness.  When  the  water-bearing  strata  b  not  uniform, 
such  as  limestone  and  granite,  the  yield  depends  upon  the  number  and  width  of  the  fissures. 
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The  theoretical  relationship  of  these  quantities  is  difficult  of  expresaion  and  interpretation,  but  for  rough  esti- 
mates the  empirical  formula 

^      c 

r 

holds  approximately  true  for  sandstone  formations  where  the  lowering  of  the  water  by  pumping  is  not  over  20  ft 
and  the  diameter  of  the  well  is  6  to  10  in.     In  this  formula 

Q  »  yield  in  gallons  per  minute. 

T  »  thickness  of  water-bearing  formation  in  feet. 

L  te  lowering  of  the  water  in  feet. 

C  «  a  factor  dependent  upon  the  character  of  the  formation. 

For  potsdam  sandstone,  20  is  about  right  for  a  value  of  C.     Where  L  is  more  than  20 

The  amount  of  water  that  can  be  taken  from  a  well  per  unit  of  time  depends  very  largely,  in  the  ease  of  small 
wells,  upon  the  character  of  the  pumping  machinery.  For  example,  a  6-in.  well  may  have  a  large  capacity  due  to 
a  great  depth  of  water-bearing  rock  pierced  by  the  drill,  yet  with  a  single  acting  dee];>->well  pump,  it  is  difficult  to 
secure  much  over  100  gal.  per  min.  The  sise  of  a*  well  should  therefore  be  made  amply  large  if  drilled  before  the 
quantity  of  water  required,  the  method  of  pumping,  and  the  depth  and  character  of  the  water-bearing  rock  are 
known  or  closely  approximated. 

The  capacity  of  w^lls  in  limestone  or  traprock  formations  is  difficult  to  predetermine  owing  to  the  fact  that  the 
extent  and  number  of  fissures  to  be  encountered  are  unknown.  The  quantity  of  water  will  usually  vary  approxi- 
mately with  the  thickness  of  the  formation  pierced  and  with  the  square  root  of  the  lowering.  A  good  procedure  is 
to  test  the  well  by  pumping  before  its  completion,  and  noting  (1)  discharge  of  test  pump  in  gallons  per  minute, 
(2)  the  lowering  of  the  water  in  feet,  and  (3)  the  thickness  of  the  water-bearing  strata  encountered.  Then  from  this 
data,  predict  the  conditions  which  would  take  place  if  the  desired  quantity  were  obtained. 

The  capacity  of  a  well  does  not  vary  greatly  with  the  diameter  so  far  as  the  ground  resistance  to  flow  is  con- 
cerned. A  large  diameter  is  of  advantage  chiefly  in  reducing  the  velocity  of  flow  within  the  well,  thus  reducing 
the  friction  and  the  advantage  of  placing  a  large  pump.  These  wells  may  be  classed  as  cither  deep  (non>flowing) 
wells,  or  artesian  {flowing)  welb,  depending  upon  whether  the  water  in  the  water-bearing  formation  is  under  enough 
pressure  to  bring  the  water  to  the  surface. 

In  cases  where  the  proposed  well  is  within  or  near  a  well  established  (developed)  community,  a  careful  study  of 
the  local  conditions  as  to  exbting  wells,  will  aid  greatly  in  arriving  at  the  proper  diameter  and  probable  depth. 
Quicksand,  clays,  shales,  slates,  and  close-textured  granites,  should  not  be  depended  upon  as  sources  of  water 
for  any  puri>ose,  not  even  a  country  residence.  The  total  yield  of  ground  water  that  may  be  collected  varies  from 
0.1  to  0 .5  million  gal.  per  day  per  square  mile,  and  at  one  locality,  from  1  to  3  million  gal.  per  day. 

36.  Driven  and  Tubular  Wells. — Driven  and  tubular  wells  secure  tbeir  water 
from  the  loose  formations  above  the  solid  rock,  such  as  sand,  gravel,  or  a  mixture  of  these. 
Driven  wells  consist  of  a  "point"  attached  to  a  screen,  often  called  a  "well  point"  or  "well 
screen, "  which  in  turn  is  attached  to  several  feet  (as  may  be  needed)  of  wrought-iron  or  steel 
pipe  having  a  diameter  to  suit  the  "well  point."  These  wells  are  seldom  less  than  IH  or  more 
than  4  in.  in  diameter.  The  points  have  openings  40,  60,  or  80  meshes  to  the  inch;  the  small 
sizes  are  usually  3  to  5  ft.  long,  and  the  larger  sizes  8  to  10  ft.  long. 

Driven  wells  are  usually  relatively  shallow,  but  in  some  cases  have  been  driven  to  depths 
of  from  400  to  500  ft.  Driving  to  such  depths  is  very  liable  to  damage  the  screen.  The  amount 
of  water  to  be  obtained  from  such  wells  is  very  diflRcult  to  estimate  for  the  principal  reason 
that  little  or  nothing  is  known  about  the  character  of  the  water-bearing  material  that  is  to  be 
encountered.  Even  if  the  water-bearing  strata  is  present,  the  possibility  of  getting  the  point 
entirely  within  it  is  quite  an  uncertainty.  Where  possible,  it  is  a  much  better  plan  to  use  a  tub- 
ular well.  This  is  put  down  in  much  the  same  way  as  the  casing  of  a  drilled  well  with  the  excep- 
tion that  a  specially-designed  shoe  with  a  flange  is  used  When  the  water-bearing  sand  or  gravel 
is  reached,  the  point  is  dropped  into  the  casing  and  is  either  driven  below  the  end  of  the  casing 
or  the  casing  is  pulled  back  to  the  top  of  the  screen,  or  both  processes  of  exposing  the  screen 
may  be  used.  By  this  method  much  deeper  and  larger  wells  may  be  used,  the  point  may  be 
pulled  up  and  examined,  and  a  very  definite  knowledge  of  the  water-bearing  formation  may 
be  had  by  noting  the  character  of  the  drillings  and  the  behavior  of  the  water  levels  "when 
bucketing. 

■ 

The  amount  of  water  to  be  obtained  from  wells  of  this  kind  varies  greatly  according  to  the  porosity  and  coarse- 
ness of  the  sand  or  gravel.  From  tests  of  a  large  number  of  wells  of  this  class  it  was  found  that  with  OO-mesh  screens 
it  was  possible  to  secure  K  gal-  per  min.  per  sq.  ft.  of  screen  surface  per  foot  of  lowering  of  the  water  in  the  'well; 
that  is  to  say,  a  well  p<nnt  having  5  sq.  ft.  of  screen  and  a  lowering  of  the  water  of  10  ft.  would  supply  approxir 


Sec.a-3c]  WATER  SUPPLY  DATA  AND  EQUIPMENT  1181 

mately  12H  gal-  per  min.  Wells  in  coarse  gravel  will  often  supply  very  much  more  than  this  amount.  Forty 
welb  located  in  coarse  sand  and  gravel,  yielded  under  test  an  average  of  0.684  gal.  per  min.  per  sq.  ft.  of  screen  sur- 
face per  foot  oi  lowering,  with  a  minimum  of  0.45  gal.  and  maximum  of  1.152  gal.  per  min. 

Where  the  sise  of  the  sand  grains  is  small  or  the  porosity  low,  the  capacity  of  this  type  of  well  can  be  greatly 
increased  by  packing  the  well  screen  in  selected  gravel.  This  can  be  successfully  done  by  using  a  well  casing  6  in. 
or  more  larger  in  diameter  than  the  outside  of  the  screen,  and  when  the  proper  depth  is  reached,  the  well  screen 
attached  to  pipe  of  slightly  smaller  diameter,  is  put  in  place.  Then  selected  gravel  H  to  H  in.  in  sise  is  placed 
about  and  for  some  distance  above  the  screen.     The  large  casing  is  then  drawn  by  jacks  and  the  well  is  complete. 

In  the  same  formation  and  in  identically  the  same  place,  wells  of  this  kind  have  been  known  to  give  6  times  as 
much  water  as  wells  having  a  60-mesh  well  screen  but  without  gravel.  The  screens  used  with  the  gravel-packed 
wells  are  usually  coarser  than  40  meshes  per  inch.  Besides  the  common  gause  mesh  screens,  there  aie  a  number  of 
patented  screens  such  as  the  "Cook,"  "Johnson,"  and  "Bowler." 

Zc,  Dug  or  Open  Wcll8.-^Dug  or  open  wells  are  usually  relatively  large  in  diame- 
ter, and  shallow.  The  supply  of  water  comes  from  the  bottom  and  little  or  none  from  the  sides 
unless  it  is  excavated  in  rock  formations.  Wells  of  this  kind  aretisually  "curbed"  with  wood, 
brick,  masonry,  or  concrete.  The  most  successful  manner  of  construction  is  to  make  a  ring  of 
concrete  of  the  desired  size,  and  after  it  has  set  sufficiently  (3  to  4  days),  lower  it  to  the  desired 
depth  by  excavating  in  the  center.  Such  wells  have  been  constructed  18  ft.  in  diameter  by  60  ft. 
deep.  Dug  or  open  wells  have  the  advantage  of  providing  some  storage  of  water,  as  well  as  a 
supply.  Their  capacity  depends  upon  the  physical  characteristics  and  thickness  of  the  water- 
bearing material,  upon  the  lowering  of  the  water,  and  upon  the  means  provided  for  its  entrance 
into  the  well.  Metal  screens  may  be  placed  in  the  walls  near  the  bottom  and  the  area  of  the 
water-bearing  material,  if  of  sand  or  gravel,  may  be  covered  with  crushed  rock  or  gravel  to  keep 
the  fine  sand  from  flowing  in.  ^  The  well  should  be  properly  covered  to  protect  it  from 
contamination. 

The  rdative  capacity  of  a  well  in  the  same  formation,  and  with  the  same  depth  and  extent  of  lowering,  varies 
so  far  as  ground  friction  is  concerned,  about  as  shown  in  the  accompanying  table,  assuming  that  the  water  comes  in 
through  the  sides  and  bottom  of  the  well  and  that  the  yield  of  a  well  1  ft.  in  diameter  is  unity. 

Well  Units  of  capacity 

2-ft.  diameter 2 .  101 

3-ft.  diameter 3 .  173 

4-ft.  diameter 4 .214 

8-ft.  diameter 8 .378 

20-ft.  diameter 20 .660 

40-ft.  diameter 40.980 

From  this  table  it  is  seen  that  the  possible  yield  of  a  well  of  this  type  increases  about  as  the  diameter,  but  very 
much  slower  than  the  surface  of  water-bearing  material  encountered  by  the  walls  of  the  well.  The  yield  of  a 
well  is  often  determined,  not  by  the  above  consideration,  but  by  the  velocity  of  water  at  which  fine  sand  may  be 
carried  into  the  well.  This  condition  should  be  guarded  against  by  properly-designed  screens  in  the  walls  of  the 
well  and  by  assorted  layers  of  gravel  placed  over  the  bottom  of  the  well  wherever  the  water-bearing  material  is  fine 
sand. 

4.  Springs. — Springs  may  be  divided  from  an  hydraulic  standpoint  into  gravity  and  arte- 
sian (pressure)  springs;  and  from  a  physical  sense,  into  seepage,  tubular,  and  fissure  springs. 
Gravity  springs  are  not  confined  between  impervious  beds,  but  flow  because  the  ground-water 
surface  is  intersected  by  the  surface  of  ground,  as  at  the  base  of  a  hill  or  along  a  bank  of  a 
stream.  Artesian  (pressure)  springs  are  confined  between  impervious  beds,  are  relatively  deep 
seated,  and  partake  moreor  less  of  the  characteristics  of  artesian  wells.  Such  springs,  if  confined 
in  a  pipe  or  concrete  basin,  may  be  forced  to  rise  several  feet  above  the  surface  of  the  ground. 

Seepage  springs  may  be  either  gravity  or  artesian,  but  usually  are  of  the  gravity  type  and  spread  out  over 
considerable  area,  as  on  a  bench  at  the  foot  of  a  bluif  along  a  river  bank.  This  condition  is  usually  accompanied 
by  a  soft  spongy  ground,  abundant  v^ctation,  and  an  oily  scum  due  to  decomposition  of  vegetable  matter  with  the 
presence  of  iron  or  manganese.  Many  seepage  springs  are  very  deceiving  as  to  the  actual  quantity  of  water  flowing, 
owing  to  the  relatively  large  area  covered  and  apparent  large  quantity  of  water.  Tubular  springs  are  formed  due 
to  the  solubility  of  some  part  of  a  rock  formation  or  by  the  opening  left  by  a  decayed  root.  In  limestone,  the 
paaaages  may  extend  for  miles.     These  springs  are  often  periodical — that  is,  fluctuating  with  the  rainfall. 

Fissure  springs  are  always  in  rock  formation  and  are  usually  artesian.  They  escape  along  bedding  planes, 
joints,  and  deavages  in  the  rock  formation  and  the  waters  are  usually  free  from  organic  contamination,  but  are  often 
highly  mineralised.    The  requisite  and  qualifjong  conditions  for  the  formation  of  springs  are  essentially  the  same  as 
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those  for  an  artesian  well;  vis.,  a  sufficient  rainfall,  a  collecting  area,  a  porous  inclined  bed  of  sand  or  rock  with  an 
opening  for  escape  of  the  water  at  the  lower  edge,  or  in  case  of  an  overlying  impervious  stratum,  an  upward  passage 
for  the  water. 

Springs  may  be  contaminated  principally  in  two  ways:  (1)  by  direct  wash  of  pollution  into  the  water  as  it  merges 
from  the  ground,  and  (2)  by  infiltration  of  polluted  water  on  the  catchment  area.  The  first  may  be  prevented  by 
protecting  the  spring,  and  the  second  may  be  remedied  if  the  exact  location  of  the  collecting  area  is  known  and  ^e 
source  of  pollution  removed. 

6.  Infiltration  Galleries. — Infiltration  galleries  are  really  horizontal  wells  excavated  below 
the  level  of  the  ground  water.  They  are  constructed  so  as  to  leave  an  open  space  within  the 
ground  water  horizon  into  which  the  water  can  percolate  through  the  porous  sides  or  openings 
left  for  that  purpose.  They  are  often  made  of  brick,  stone  masonry,  or  some  kind  of  pipe,  such 
as  vitrified  clay  pipe.  The  supply  that  can  be  obtained  from  a  gallery  of  this  kind  depends  upon 
its  lengthy  depth  below  the  natural  water  level,  and  upon  the  characterstics  of  the  water- 
bearing material.  This  may  vary  from  a  fraction  of  a  gallon  to  several  gallons  per  foot  of 
gallery.  (A  12-in.  vitrified  pipe  300  ft.  long  laid  in  a  medium  sized  sand,  supplied  H  gal.  per  ft. 
when  the  water  level  was  lowered  6  ft.) 

The  Los  Angeles  Water  Company  has  a  vitrified  pipe  infiltration  gallery  4500  ft.  long  which  is  reported  to  yield 
an  average  of  0.75  gal.  per  min.  per  ft.  of  galley.  The  Crystall  SprinffB  Water  Company,  at  about  the  same  loca- 
tion, has  5368  ft.  of  similar  gallery  of  vitrified  pipe  15  to  24  in.  in  diameter,  yielding  0.755  gal.  per  min.  per  ft  of 
gallery.  At  Grand  Rapids,  Wis.,  a  12-in.  vitrified  pipe  gallery  960  ft.  long,  laid  in  extremely  fine  sand  of  umform 
siie,  yielded  only  Ho  of  a  gallon  per  min.  per  ft.  of  gallery. 

6.  Surface  Waters. — The  waters  of  lakes,  ponds,  rivers,  and  streams  are  very  liable  to  be 
polluted  and  unfit  for  domestic  use.  Waters  of  this  character,  however,  can  often  be  used  for 
commercial  and. industrial  purposes  without  treatment,  or  at  the  most,  by  filtration  through 
pressure  filters  at  rapid  rates.  In  rare  instances,  waters  from  an  extremely  large  lake  or  from  a 
river  flowing  from  an  unpopulated  territory,  are  safe  without  purification.  Where  a  safe  water 
supply  is  insuflEicient  in  amount  for  all  purposes  for  a  building,  water  for  flushing  of  toilets, 
scrubbing,  etc.,  can  be  taken  from  a  surface  water  supply  and  thebubblers  supplied  from  another 
source  or  a  part  of  the  surface  water  supply  treated  for  this  purpose.  Before  such  a  source  of 
supply  is  chosen,  or  better  still,  before  the  site  of  the  proposed  industry  or  institution  is  chosen, 
the  quantity  and  permanency  of  the  supply  should  be  investigated. 

The  factors  aflFecting  the  flow  of  a  stream  are:  drainage  area,  slope  of  surface,  character  of  subsoil,  temperature 
(evaporation),  and  rainfall.  Whei*e  the  stream  is  large  as  compared  to  the  demands  of  the  industry,  no  detailed 
investigation  might  be  necessary,  but  where  the  stream  is  small  and  varies  in  discharge  with  the  seasons,  a  careful 
investigation  should  be  made;  also  the  character  of  the  water,  such  as  turbidity,  color,  and  mineral  and  organic 
matter  content,  should  be  determined  and  compared  with  the  needs  of  the  industry. 

Surface,  waters  as  a  rule  contain  very  much  more  organic  matter  and  very  much  less  mineral  matter  than  do 
ground  waters.  These  organic  matters  are  largely  of  a  nitrogenous  nature  and  are  difficult  to  remove  when  once 
passed  into  the  nitrate  form. 

A  conservative  estimate  of  the  quantity  of  water  available  from  any  stream  would  be  10  to  50  %  of  the  precipi- 
tation, depending  upon  the  locality  and  nature  of  the  stream.  The  rainfall  should  be  taken  for  the  average  drint 
years.  On  streams  where  the  minimum  flow  is  likely  to  be  less  or  just  equal  to  the  demand,  a  small  dam  should 
be  constructed  across  the  stream  to  impound  water  to  tide  over  the  driest  spells. 


PURIFICATION  OF  WATER 

7.  Impurities  of  Water. — Water  may  be  considered  to  be  impure  from  either  a  chemical 
or  a  sanitary  standpoint.  Mineral  matters  contained  in  waters,  if  in  sufficient  quantities, 
may  interfere  with  steam  making  and  industrial  uses,  and  if  it  contains  large  quantities  of 
alkalies,  it  will  even  be  unfit  for  domestic  use.  The  impurities  which  we  are  more  concerned 
about  are  those  of  a  sanitary  nature  and  are  of  organic  origin.  A  water  may  be  ever  so  clear 
and  of  excellent  taste  and  yet    contain  thousands  of  disease-producing  ^erms. 

8.  Sources  of  Pollution. — A  polluted  water  is  one  which  contains  the  wastes  from  human 
habitation.  It  may  not  necessarily  contain  disease-producing  germs  or  matters  in  which  they 
are  usually  found,  but  may  contain  such  other  wastes  as  to  make  the  water  unwholesome. 
"Contaminated"  is  sometimes  used  synonymously  for  the  word  "polluted,"  but  it  is  stronger 
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and  means  that  the  water  has  and  does  contain  wastes  which  might  cause  disease  or  disorders. 
Besides  the  sewage  carried  away  from  buildings  by  sewerage  systems,  there  are  other  sources 
of  pollution,  such  as  outhouses,  slop  drains  (from  kitchens),  industrial  wastes,  decaying  animal 
matter,  and  drainage  from  farm  buildings  and  yards.  The  discharge  from  sewerage  systems 
usually  pollutes  only  surface  waters,  whereas  the  other  sources  pollute  ground  waters  as  well. 

If  a  water  8U]q>ly  must  be  taken  from  a  aurface  water,  it  ehould  be  taken*  in  case  of  a  stream,  far  enough  above 
the  outlet  of  the  sewer  to  be  sure  that  none  of  the  sewage  will  be  drawn  into  the  intake,  and  in  case  oi  a  lake  or 
other  body  of  water,  the  intake  should  be  in  deep  water  and  removed  as  far  as  praettcable  from  the  sewer  outlet, 
even  thoush  the  sewage  be  treated  or  purified. 

In  the  case  of  ground  waters,  it  is  more  difficult  to  trace  souroea  of  pollution  to  a  water  supply.  In  general, 
ground  waters  flow  in  the  direction  of  the  slope  of  the  ground,  i.e.,  into  ravines,  dry  runs,  and  valleys.  In  all  cases 
the  source  of  water  supply  should  be  located  so  that  the  surface  drainage  will  be  away  from,  rather  than  towards  the 
well,  spring,  or  point  on  stream  where  the  supply  is  taken. 

9.  Aeration. — The  usual  process  of  purifying  water  by  aeration  is  to  discharge  it  into  the 
air  so  as  to  break  it  up  into  a  fine  spray  or  a  thin  film.  The  process  is  used  to  oxidise  organic 
matter,  remove  gases,  such  as  hydrogen  sulphide,  and  carbonic  acid  gas,  and  odors  produced  by 
aquatic  vegetation.  It  is  also  used  in  some  cases  as  a  part  of  the  process  of  removing  iron  and 
manganese. 

10.  Sedimentation. — Many  surface  waters,  ovnng  to  the  nature  of  the  ground  over  which 
they  flow,  contain  large  quantities  of  suspended  matter  which  may  .or  may  not  be  of  a  polluting 
nature.  Many  rivers  flowing  through  a  country  where  the  surface  material  is  largely  clay, 
contain  large  quantities  of  finely  divided  clay  in  suspension.  The  process  of  sedimentation 
either  natural  or  artificial,  is  used  to  remove  as  much  of  this  material  as  possible.  In  some 
cases  for  industrial  use,  it  is  the  only  process  needed,  while  in  other  cases  it  is  a  preliminary 
process  to  filtration,  coagulation,  or  both. 

Sedimentation  is  divided  into  two  types,  intermittent  and  continuous.  The  first  gives  no  better  results  than 
the  second,  but  in  some  cases  for  industrial  use,  it  is  more  convenient  where  the  use  is  intermittent,  to  fill  a  tank  or 
basin,  let  it  stand  from  12  to  24  hr.,  and  then  draw  off  the  clarified  water.  Continuous  sedimentation  is  the  most 
satisfactory  process  where  large  quantities  are  needed  continuously.  As  a  preliminary  process  to  coagulation  or 
filtration,  the  period  should  be  from  6  to  24  hr.,  depending  upon  the  fineness  of  the  sediment  and  upon  the  relative 
cost  of  sedimentation  basin  and  subsequent  process.  Fuller  says  that  the  economical  limit  of  plain  sedimentation 
is  24  hr.,  during  which  time  75%  of^the  suspended  matter  is  removed. 

For  large  impounding  reservoirs  where  the  water  is  to  be  used  for  a  domestic  supply  without  further  treatment, 
the  x>eriod  of  sedimentation  should  be  three  or  more  dasrs,  depending  upon  the  fineness  of  the  sediment.  The 
percentage  of  removal  is  greatest  when  the  amount  of  suspended  matter  is  greatest.  T^Krelve  hours  subsidence 
remov^  about  33%,  and  24  hr.  removes  from  59  to  83%.  The  process  should  take  place  in  a  basin  or  tank  of 
proper  sise  for  quantity  to  be  treated.  The  inlet  and  outlet  should  be  made  so  that  the  velocity  will  be  a  minimum; 
baffles  should  be  used  to  prevent  currents  from  forming:  and  screens  should  be  provided  to  keep  out  leaves  and 
floating  matter  from  entering  the  outlet. 

11.  Chemical  Treatment — Chemical  treatment  may  be  used  for  the  following  purposes: 

(1)  removal  of  bacteria  and  polluting  organic  matter;  (2)  removal  of  suspended  matter — 
clay,  etc.  (producing  turbidity),  and  vegetable  coTnpounds  (producing  color) ;  and  (3)  removal 
of  iron,  manganese,  and  the  salts  producing  hardness. 

This  treatment  may  be  used  with  or  without  sedimentation  depending  upon  the  nature  of  the  case.     For  (2)  it 
is  necessary  in  all  oases  to  provide  some  sedimentation  for  effective  work.     The  coagulants  used  for  purposes  (1)  and 

(2)  are  sulphate  of  alumina,  sulphates  of  iron,  calcium  carbonate,  and  sodium  carbonate.  Sulphate  of  alumina  is 
most  commonly  used  alone  where  the  alkalinity  is  high  enough  to  produce  the  necessary  floe  or  precipitate.  The 
amount  of  the  chemicals  used  varies  from  a  fraction  of  a  grain  to  6  or  8  grains  per  gal.  depending  upon  the  character 
of  the  water.  Little  work  along  these  lines  should  be  attempted  by  the  architect  or  engineer  without  the  aid  of  a 
chemist.    . 

12.  Filtration — Action  and  FuncHon. — Sand  and  gravel  have  been  found  to  be  the  most 
satisfactory  materials  to  use  in  the  process  of  filtration.  When  water  is  passed  through  a  layer 
of  these  materials,  a  large  portion  of  the  suspended  matter,  bacteria,  and  color  are  removed. 
Even  colorless  organic  matter  in  the  colloidal  form  is  partially  removed.  The  function  of  the 
filter  is  to  strain  out  the  bacteria  and  suspended  particles  and  this  function  ia  performed  not 
only  by  the  sand,  but  by  the  very  organic  matter  which  it  is  sought  to  remove,  the  organic 
matter  forming  a  sort  of  gelatinous  subs tanc  e  around  the  sand  grains.     That  organic  matter  do es 
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ir  ia  ehown  by  the  fact  that  a  filter  ia  more  effective  after  it  has  been  in  operaUon 


Thrn  u«  two  metliodi  of  filtntian  In  common  uh:  (1)  the  •low  und  procau,  and  (3)  ths  meohanicsl  or  npid 

drmioi  at  an  *vara(fi  nil«  of  1.6  millian  lal.  per  sen  per  day.  This  proe»a  ia  seldom  used  for  siuall  iutallaCiou 
■uchu  would  be  used  in  connection  with  a  building.  In  (,2).  mechaniirsl  filters  opcrale  at  mueb  higher  rata.  100  to 
900  million  cat  per  acre  per  day.  The  rapid  Gltiation  of  water  la  distiniuiahed  from  alow  GItrmlion,  not  alonF  by 
the  diOerence  In  tb»  rata  of  flow,  but  by  several  other  (nature*,  euch  ■■  the  formation  of  the  colloidal  eoatinc. 
which  tulurally  differcDtiatea  the  two  geaeral  methods  of  pqrification. 

Mvchanieal  Altera  may  be  divided  into  gravity  fiUen  and  pressure  £ilte»-  Qimv 
signifies  thst  the  water  Boini  throuxh  the  filter  by  Etavity. 

OrtaUa  fitlrrt  a™  usually  arranged  in  two  rowt.  with  a  common  water  supply  p 
rate  of  flow-contiolling  apparatus,  gagn,  eU.,  in  ■  i»pe  gallery  between  the  row 
wooden  or  ateel  tanlis  (old  type)  or  in  square  concrete  basins  (new  type).  The  clea 
beneath  the  filters.  The  wash  water  required  tor  meehiinical  filters  is  a  to  7  isl.  pe 
The  head  required  far  washing  is  30  ft.  or  more  depending  on  tfae  type  of  strainer  used 
of  water  used  for  washing  per  dsy  is  equal  to  s  column  of  water  5  or  0  ft.  high  ovi 
A  gravity  filter  has  an  advantage  over  a  pressure  filter  in  that  It  is  easier  to  obie 

PriHWt  fiW"  are  closed  cylinders  or  tanks  of  steel  in  which  is  placed  a  bed  of  sand  or  crushed 
through  which  the  wster  is  forced  underpressure  (see  Fig.  1).  Other  filtering  materials  for  speciBlpuTpf] 
ehareoal,  eoks,  ar  leolite  are  Bometimes  usr^i.  The  strainer  system  also  acts  as  a  distributor  lor  the 
during  the  cleaning  of  the  sand  bed.     During  the  wsshiug  proet«s  compressed  air  is  often  used- 


I.  wash-water  pipes, 
filters  are  in  round 

sin  is  usually  placed 
sq.ft.  of  filter  arts. 

filler.      The  amount 

re  area  of  the  filter, 
step  in  the  filtering 

down  the  filter. 


Table  2.— Trade  Data  on  AjubhicaN  Water  Softener  Co.'t 
Tank  Gravitt  Filters 


Diameter 
(feet) 

Area 
(sq.  ft.) 

Capacity  (gal.  per 

■  rch»r 

Weight- 
(pounds) 

Appoi.  cost  per 
capacity 

28.27 

56 

3 

I2,S00 

tl«)OO0 

60  28 

100 

22,350 

1150  00 

34.500 

978  00 

113.10 

78,70ft 

7M  00 

226  98 

45S 

101.400 

700.00 
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Table  3. — Data  on  American  Water  Softener  Co.'s  Pressure  Filters 


Diameter 
(inches) 

Area 

(aq.  ft.) 

Inlet  and  outlet  pipes 
(inches) 

Capacity 
(gal.  per  min.) 

Approximate 

shipping  weight 

(pounds) 

24 

3.1416 

IH 

6-9 

1,150 

30 

4.9087 

IH 

10-16 

l.SOO 

36 

7.0686 

•   IH 

14-21 

2.000 

40 

8.72 

2 

17-26 

2,275 

42 

0  6211 

2 

19-29 

2.400 

48 

12.5666 

2H 

25-37 

2,875 

50 

13  64 

2H 

27-41 

3,225 

00 

19.635 

2H 

39-59 

4.250 

72 

28.27 

3 

.      56-84 

5.300 

78 

33.183 

3 

66-99 

6.300 

84 

38.485 

4 

78-115 

7,700 

96 

50  26 

4 

100-160 

11.350 

The  above  capacttes  are  conservative.  Use  minimumoapacities  for  muddy  waters.  Where  maximum  capaci- 
ties are  exceeded,  resistance  will  increase,  the  filter  will  require  washing  more  frequently,  and  the  filtered  water  will 
not  be  of  as  good  quality. 


Table  4. — Data 

ON  International  Filter  Co/s  Pressure  Filters 

Diameter 

Height 

Floor  space 

Capacity 

Sise  inlet 

Total  weight 

ReUU 

(inches) 

(inches) 

(in.  X  in.) 

(gal.  per  min.) 

(inches) 

(pounds) 

price 

12 

50 

24X  24 

2.33 

1 

500 

$130 .00 

16 

52 

28X  30 

4.17 

IH 

850 

165.00 

20 

52 

32  X  36 

•    6.50 

IH 

1200 

220  00 

24 

53 

36  X  42 

10.00 

IH 

1650 

275  00 

30 

61 

42  X  42 

15.00 

2 

2850 

350.00 

36 

62 

48  X  48 

21.00 

2 

4000 

400  00 

42 

63 

54X  64 

29  00 

2H 

5200 

500.00    . 

48 

64 

60X  60 

38.00 

2H 

5900 

575.00 

Pressure  filters,  where  no  preliminary  treatment  is  required,  are  used  extensively  for  the  reason  that  they  are 
simpler  and  cheaper  than  gravity  filters.  Filters  treating  water  for  industrial  purposes  should  always  be  provided 
with  a  by-pass  so  water  can  be  supplied  direct  in  case  filter  is  cut  out  for  repairs.  The  bacteria  removing  efficiency 
of  mechAoical  filters  is  approximately  95  %. 

18.  Rain  Water  Filters. — Besides  its  use  in  the  laundry  where  it  is  desired  on  account 
of  its  softness,  rain  water,  when  properly  aerated  and  filtered,  makes  a  wholesome  beverage. 
It  should,  however,  be  caught  and  stored  so  as  to  preserve  its  original  purity.  The  present 
methods  of  collection  and  storage  in  most  cases  are  bad.  Every  roof  is  foul  with  excrements 
of  birds,  dead  insects,  leaves^  dust,  etc.,  all  of  which  are  washed  into  the  cistern.  The  first 
part  of  every  rain  should  be  turned  off  until  the  roof  is  washed  clean.  There  are  several  auto- 
matic devices  for  this,  but  few  are  used.  It  will  not  in  most  cases  be  economical  to  attempt 
to  filter  the  water  as  fast  as  it  may  come  from  a  roof.  It  will  be  preferable  and  cheaper  to 
first  store  the  water  in  a  tank  or  reservoir  of  wood,  masonry,  or  slate,  which  should  be  located 
above  the  ground  if  possible.  From  such  a  reservoir  the  water  should  be  led  to  the  filter 
which  should  consist  of  sand  and.gravel,  similar  to  the  above  described  gravity. filters. 

The  filter  should  be  large  enough  to  care  for  the  average  daily  consumption,  or  at  least  large  enough  to  filter 
the  contents  of  the  storage  tank  before  another  rain  fills  it.  The  rate  of  filtration  should  be  between  50  and  150  gal. 
per  sq.  ft.  per  day;  a  layer  of  sand  2  ft.  deep  is  sufficient.  If  desired,  charcoal  can  be  added  to  free  the  water 
ot  undesirable  taste  and  smell.  When  the  filter  becomes  clogged,  it  should  be  scraped  to  remove  the  sediment,  but 
the  sand  and  gravel  below  should  not  be  disturbed  except  at  long  intervals,  or  when  the  filter  ceases  to  work  due  to 
severe  clogging. 

The  filtered  water  should  be  stored  in  a  cleaD,  tight,  and  well  protected  cistern  or  underground  reservoir,  from 
which  the  supply  for  domestic  use  is  taken.  Where  the  use  of  water  may  be  largely  for  mechanical  or  industrial 
purposes,  there  could  be  two  dsterns,  one  for  filtered  and  one  for  unfiltered  water.  In  this  way  the  storage  tank 
75 
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and  filter  could  be  made  smaller.  Upward  flow  filters  built  in  a  part  of  a  cistern  are  worse  than  sueless,  ae  the 
pressure  of  the  water  will  force  a  passage  through  in  one  or  more  spots  and  thus  defeat  the  purpose  of  filtration. 
Also,  galvanised-iron  receptacles  attached  to  down  spouts  and  filled  wiUi  charcoal,  are  only  strainers  and  do  not 
purify  the  water. 

If  the  roof  tributary  to  the  filter  plant  has  an  area  of  1000  sq.  ft.  and  the  ordinary  maximum  rainfall  is  2  in.  per 
storm,  then  the  capacity  of  the  storage  tank  should  be  1250  gal.  and  the  filtered-water  cbtem  should  have  a  capacity 
sufficient  to  tide  over  dry  spells.  A  cistern  of  lO.OOO-gal.  capacity  (for  dimensions  see  Table  40,  page  1212)  will 
supply  400  gal.  per  day  for  about  one  month. 

14.  Removal  of  Iron. — ^If  iron  occurs  in  water  to  the  extent  of  0.2  to  0.3  parts  per  million 
it  will  cause  little  or  no  annoyance.  In  some  cases  0.5  parts  per  million  have  given  no  trouble. 
Where  iron  occurs  in  the  ferrous  condition  as  hydrate,  bicarbonate,  or  sulphate,  its  removal 
is  comparatively  easy  by  aeration  and  filtration,  but  where  it  occurs  as  a  chloride  or  nitrate 
or  in  the  presence  of  manganese,  organic  matter,  vegetable  acids,  or  in  a  polluted  water,  its 
removal  is  difBcult.  Iron  may  be  said  to  exist  in  waters  of  three  classes :  (1 )  Those  which  begin 
to  precipitate  on  exposure  to  air,  iron  in  hydrate  form;  (2)  those  which  will  hold  iron  in  solution 
indefinitely  even  when  aerated,  iron  usually  combined  with  vegetable  acid  and  appearing  in  a 
colloidal  form;  (3)  waters  which  contain  iron  in  both  forms  and  therefore  deposit  a  part, 
but  not  all,  of  the  iron  contents  after  aeration. 

The  principal  methods  of  treatment  for  class  (1)  are:  aeration,  sedimentation,  filtration,  coke  contact,  sprink- 
lers, and  filtration  through  sand.  For  class  (2):  aeration,  coke  contact,  sand  filtration,  chemical  treatment, 
sedimentation,  and  filtration.  For  class  (3) :  a  hypochlorite  with  filtration  through  chemically  treated  sand  beds, 
or  filtration  through  aged  beds  of  sand. 

Iron-bearing  waters  are  of  the  greatest  annoyance  in  the  laundry  where  they  stain  the  clothes.  Waters  of  the 
first  class  readily  give  up  their  iron  when  heated  so  that  a  simple  pressure  filter  will  remove  the  difficulty  to  a  large 
extent  if  not  overtaxed. 

Iron  also  causes  trouble  by  clogging  mains  and  service  pipes  due  to  the  presence  of  the  iron  organism,  creno- 
thrix,  which  has  the  ability  of  causing  a  deposit  of  iron  to  form  on  the  inside  of  the  pipes. 

16.  Removal  of  Manganese. — Waters  containing  manganese  are  more  difficult  to  treat 
than  those  containing  only  iron.  Where  the  same  processes  are  effective,  they  react  much 
more  slowly.  In  a  water  containing  both  iron  and  manganese,  the  iron  will  be  found  deposited 
near  the  source  while  the  manganese  will  be  found  on  the  outskirts  of  the  system  and  in  de^d 
ends.  Manganese  is  no  doubt  a  much  more  troublesome  element  than  is  generally  supposed. 
Manganese  often  gives  to  the  water  a  milk^''  appearance  due  to  its  colloidal  form.  When  pres- 
ent with  iron,  organic  matter,  carbonic  acid,  and  vegetable  acids,  it  is  a  most  difficult  element 
to  remove.  Salts  of  sodium,  especially  a  h3rpochlorite,  seems  to  have  the  quickest  and  greatest 
effect  on  it  when  in  this  condition. 

The  higher  oxides  of  manganese  appear  to  have  a  rery  favorable  effect  on  the  removal  of  those  of  a  lower  order, 
so  that  if  water  containing  manganese  is  api^ed  to  a  filter  in  which  higher  oxides  have  been  precipitated,  a  large 
percentage  of  the  manganese  in  the  water  will  be  removed.  Such  a  condition  can  be  brought  about  by  treating 
the  filter  with  manganese  sulphate,  sodium  hydroxide,  and  a  hypochlorite,  or  by  letting  the  filter  become  auto- 
matically coated  as  it  will  do  in  most  cases  if  not  disturbed.  The  rate  of  filtration  for  the  removal  of  iron  and 
manganese  varies  greatly  with  the  character  of  the  water,  but  would  generally  come  between  1000  to  2000  gal.  per 
sq.  ft.  of  surface  of  filter  per  day. 

16.  Causes  of  Incrustation. — Incrustation  of  steam  boilers,  water  heaters,  furnaces,  coils, 
etc.,  is  caused  by  deposition  of  the  following:  suspended  matter;  deposed  salts  from  concentra- 
tion; carbonate  of  calcium  and  magnesium  by  boiling;  sulphates  and  chlorides  at  temperature 
above  270  d^.  F. ;  manganese  at  high  temperature;  and  lime,  iron  soaps;  etc.,  formed  by  saponi- 
fication of  grease. 

17.  Effects  of  Incrustation. — Incrustation  reduces  efficiency  of  steam  boilers,  water 
heaters,  furnace  coils,  and  siphon  jet  closets;  causes  boiler  plates  to  become  overheated  and 
distorted,  and  in  some  cases,  causes  failures  to  occur.  Hot-water  heaters,  especially  of  the 
coil  type,  and  furnace  "backs"  or  coils  become  so  incrusted  as  to  stop  circulation.  Hot  water* 
pipe  systems  become  incrusted  to  such  an  extent  as  to  greatly  reduce  their  capacity,  if  not 
clog  them  entirely. 

Means  of  preventing  incrustations  are:  filtration;  blowing  off  boiler;  use  of  internal  collecting  apparatua,  or 
devices  for  directing  the  circulation;  heating  feed  water  keeps  scale  caused  by  temporary  hardness  from  entering 
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the  boiler:  uoe  of-boiler  compoundB;  introduction  of  linc  into  the  boiler;  water  softening.     Other  remedies  for  these 
troubles  will  be  found  in  Art.  19. 

18.  Hardness  of  Water. — Waters  are  said  to  be  hard  because  of  their  action  upon  the  skin 
of  the  body  and  because  of  their  neutralizing  effect  on  soap.  Hardness  is  of  two  kinds :  (1)  that 
caused  by  thebioarbonates  of  calcium,  magnesium,  and  iron,  which  is  called  temporary  hardness 
and  can  largely  be  removed  by  boiling;  and  (2)  that  caused  by  the  sulphates,  chlorides,  nitrates, 
and  silicates  of  calcium  and  magnesium,  which  is  called  permanent  hardness  because  boDing 
not  only  does  not  remove  it,  but,  on  the  other  hand,  tends  to  increase  it.  The  sulphates, 
chlorides,  etc.,  form  much  harder  scale  than  the  bicarbonates.  Hardness  is  measured  by 
grains  per  gallons,  parts  per  100,000,  and  in  parts  per  million  in  equivalent  calcium  carbonate. 

Waters  have  been  classified  as  follows  in  parts  per  million: 

0-60 Very  soft 

50-100 Fairly  soft 

100-160 Medium 

160-200 Moderately  hard 

200-300 Hard 

A  water  oontaining  0  to  70  parts  per  million  of  equivalent  calcium  carbonate  is  considered  a  very  sood  boiler 
water;  70  to  150,  sood;  and  150  to  250,  fair. 

19.  Water  Softeners — Oravity  Type. — Waters  may  be  treated  with  chemicals  for  reduction 
of  hardness,  when  either  hot  or  cold.  There  are  two  tA^es  of  softeners,  gravity  and  pressure, 
similar  to  filtration  plants.  The  pressure  type  can  be  used  only  to  remove  temporary  hardness 
after  the  water  is  heated,  and  when  used  with  cold  water  must  be  of  the  zeolite  type  in  which 
no  chemical  is  applied  directly  to  the  water.  Temporary  hardness  may  be  removed  by  the  ap- 
plication of  lime  alone,  but  when  sulphates,  chlorides,  andnitrates  are  present,  sodiiim  carbonate, 
sodiutn  hydrate,  or  barium  carbonate  must  be  used.  The  entire  hardness  of  any  water  cannot 
be  removed  by  any  of  these  processes,  but  they  reduce  it  to  a  point  where  it  is  not  objectionable. 

The  Am.  Ry.  Engr's  and  M'n  of  Way  Ass'n  estimate  the  amount  of  chemicak  required  to  remove  1  lb.  of 
incmstating  matter  as  follows: 

Incnistating  substance  held  in  solution  Quantity  of  reagent  (pure) 

Calcium  carbonate  0.561b.  lime 

Calcium  sulphate  0.78  lb.  soda  ash 

Caldum  oUoride  0 .96  lb.  soda  ash 

Oaldum  nitrate  0 .65  lb.  soda  ash 

Magnesium  carbonate  1 .83  lb.  of  lime 

Magnesium  sulphate  0 .47  lb.  lime  plus  0 .88  lb.  soda  ash 

Magnesium  chloride  0 .50  lb.  lime  plus  1 .11  lb.  soda  ash 

Magnesium  nitrate  0 .38  lb.  lime  plus  0 .72  lb.  soda  ash 

The  benefits  derived  from  water  softening  lay  chiefly  in  the  reduction  of  the  amount  of  soap  required,  and  in 
the  reduction  or  entire  elimination  of  incrustations  in  boilers,  heaters,  and  coils  through  which  water  passes  to  be 
used  for  bathing,  laundry  work,  and  culinary  operations.  Better  products  are  made  with  soft  water  in  such  indus- 
tries as  paper  making,  tanning,  dyeing,  and  bleaching. 

Pressure  Water  Softeners — ZeolUe  Type. — ^Water  which  has  been  freed  from  suspended  and 
organic  matter,  iron,  and  other  interfering  elements,  or  water  which  contains  only  small  quan- 
tities of  these  elements,  can  be  softened  by  passing  it  through  a  bed  of  natural  or  artificial  zeolite 
20  to  40  in.  thick.  The  apparatus  is  similar  to  a  pressure  filter  (see  Fig.  1)  When  the  softener 
has  passed  a  stated  quantity  of  water,  depending  on  its  hardness,  it  has  to  be  shut  down,  drained 
out,  and  filled  with  a  10%  brine  solution.  Hie  period  of  contact  is  usually  12  to  16  hr., 
depending  on  local  conditions.  The  amount  of  salt  required  to  regenerate  the  zeolite,  ac- 
cording to  some  authorities,  is  3K  to  6  lb.  per  1000  gal.  of  water  for  each  100  parts  per  million 
of  equivalent  calcium  carbonate.  This  process  is  the  only  one  known  that  reduces  the  hardness 
to  seio  when  properly  cared  for.  The  method,  however,  is  not  suitable  for  boiler  water,  as  it 
leaves  the  equivalent  of  sodium  carbonate  which  will  cause  foaming. 

Some  of  the  advantages  of  the  seolite  process  are: 

1.  It  is  the  only  practical  process  by  which  water  of  a  sero  hardness  can  be  produced  on  a  large  scale. 

2.  Only  one  chemical  is  needed  (common  salt). 


1188 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  2-20 


3.  Variations  in  the  hardneBS  of  the  raw  water  are  automatically  taken  caro  of. 

4.  There  is  no  sludge  to  be  removed. 
Disadvantages: 

1.  Cost  of  operation  is  higher  than  with  lime  and  soda  ash. 

2.  Water  to  be  softened  must  be  perfectly  clear,  for  if  it  contains  turbidity,  the  pores  of  the  aeolite  become 
clogged. 

3.  The  seolite  softened  water  contains  .residual  sodium  bicarbonate  and  if  used  in  bcnlers  may  cause  trouble  by 
foaming. 

Table  5. — Rbpinitb  Co.'b  Zkolite  Water  Softenebs — Vertical  Pressure  Types 


Weight 
complete 
(pounds) 

10-hr.  capacity* 

Approximate 

Diameter  (inches) 

Height 
(inches) 

•    Floor  space 

(ft.Xft.) 

based  on  water 

10-gr.  hardness 

(gallons) 

cost  installed 

per  100  gallons 

capacity 

12 

00 

2X2 

750 

775 

$56.00 

24 

65 

8X3 

2,500 

3.560 

26.00 

36 

75 

8X5 

3.800 

8,000 

18.00 

48 

80 

4X7 

0,000 

14,000 

14  00 

60 

82 

5X7 

15,000 

23,000 

10.00 

72 

86 

6X9 

20.000 

32.000 

9.50 

84 

00 

7X10 

26.500 

43.750 

0.00 

Table  6. —  Refinite  Co.*s  Zeolite  Water  Softeners — Horizontal  Pressure  Types 


Diameter  (inches) 

Length  (feet) 

Floor  space 
(ft.Xft.) 

Weight 
complete 
(pounds) 

10-hr.  capacity  • 

based  on  water 

10-gr.  hardness 

(gallons) 

■ 

Approximate 

cost  installed 

per  lOO-gallons 

capacity 

96 
06 
96 

12 
14 
16 

8X17 
8X19 
8X21 

60.000 

80.000 

100.000 

108.000 
127.000 
145.000 

$8.25 
8.50 
8.75 

*  On  water  of  other  hardness,  capacity  is  inversely  proportional  to  total  hardness  in  grains  per  U.  8.  gal. 
salt  consumption  is  approximately  K  lb.  per  1000  gal.  per  grain  hardness. 
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20.  Interpretation  of  Bacterial  Count. — The  fact  that  a  water  may  contam  a  large  number 
of  bacteria  means  little  unless  some  knowledge  is  had  of  their  kind  and  characteristics.  There 
are  numerous  varieties  of  water  forms  which  are  perfectly  harmless  if  taken  into  the  system. 
On  the  other  hand,  a  very  small  number  of  typical  sewage  bacteria  found  in  a  majority  of  sam- 
ples, especially  in  1-cubic  centimeter  samples,  should  be  looked  upon  with  suspicion.  Colon 
baciUui  appearing  in  a  few  samples  of  10  c.c.  with  no  other  characteristics  of  pollution  should 
not  be  taken  as  indicative  of  an  unsafe  water.  Water  that  is  grossly  polluted  will  usually  show 
large  numbers  of  bacteria  growing  on  both  gelatine  and  agar  together  with  liquifiers,  gas  pro- 
ducers, and  the  presence  of  colon  bacillus  in  1-c.c.  and  10-k;.c.  samples.  Waters  that  aie 
occasionally  polluted  will  show  some  or  all  of  these  evidences  a  majority  of  the  time.  Therefore, 
the  purity  of  a  given  water  should  not  be  determined  upon  a  single  analysis  when  that  analysis 
reveals  the  fact  that  there  is  a  possibility  of  contamination. 

21.  Disinfection  and  Sterilization. — A  water  supply  is  sometimes  found  where  there  is 
no  objectionable  organic  matter  present,  but  which  may  be  subject  to  contact  with  pathogenic 
bacteria.  In  such  cases  no  treatment  such  as  filtration  is  necessary,  but  it  is  advisable  to  treat 
the  water  with  a  germicidal  agent  such  as  calcium,  sodium  hypochlorite,  or  liquid  chlorine. 
These  oxidizing  agents  may  be  applied  in  amounts  varying  from  0.2  to  0.3  parts  per  million  of 
available  chlorine  without  detriment  to  the  water. 

Where  a  water  is  pumped  from  a  source,  such  as  above  described,  direct  to  a  distribution  system,  it  m  cua- 
tomary  to  apply  the  dose  in  the  suction  pipe,  the  rate  of  application  being  controlled  by  the  rate  of  pumping. 
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WATER  CONSUMPTION 

82.  In  General. — ^The  quantity  of  water  required  for  any  use  varies  greatly,  especially  so 
in  residences,  where  leakage,  waste,  quality,  and  temperature  are  influencing  factors.  Con- 
sumption in  cities  and  villages  is  usually  reckoned  on  the  ''per  capita''  basis  and  includes  all 
usee,  such  as  domestic,  fire,  sprinkling,  manufacturing,  and  municipal.  In  111  cities  with  a 
population  of  25,000  or  over,  the  consumption  was  as  follows:  maximum  324,  average  105, 
minimum  31  gal.  per  capita  per  day.  In  76  cities  with  less  than  25,000  population,  the  con- 
sumption was:  maximum  149,  average  61,  minimum  10  gal.  per  capita  per  day.  Per  capita 
rate  in  cities  usually  lies  between  60  and  270  gal.  per  day  with  an  average  use  of  about  100  gal. 
per  day. 

23.  Residences. — ^The  quantity  of  water  used  in  residences  must  necessarily  be  less  than 
the  above  averages  as  it  includes  only  household  use,  lawn  and  garden  sprinkling.  The  mini- 
mum and  maximum  consumption  in  a  residence  is  42  and  151  %  of  the  average,  respectively. 
Minimum  usually  occurs  from  3  to  4  A.M.,  average  between  7  and  9  P.M.,  and  maximum 
from  9  to  10  A.  M.  This  will  vary  according  to  the  number  of  fixtures,  leakage,  careless  use,  etc., 
but  with  all  of  the  uncertainties,  the  average  residence  consumption  will  be  from  15  to  50  gal. 
per  capita  per  day. 

From  the  experience  of  the  army  cantonmenta  in  this  country,  it  was  learned  that  80  gaL  per  oapita  per  day  is 
Bttffident  for  all  domestic  needs,  inclusive  of  sewer  flushing,  but  exduslTe  of  lawn  sprinkling  and  water  allowed  to 
run  to  prevent  freeiing. 

24.  Factories  and  Industries. — The  consumption  will  vary  greatly  with  the  nature  of  the 
work  involved,  with  the  availability  of  the  supply,  and  the  number  of,  and  character  of  the 
plumbing  fixtures  in  use.  No  hard  and  fast  rule  can  be  laid  down  for  this  class  of  consumption. 
In  Table  7  are  given  some  data  that  will  give  a  rough  notion  of  the  consumption  that  might  be 
expected. 


Table  7. — Consumption  of  Water  by  Factoribb  and  Industribs 

(Based  largely  on  meter  reading) 


Character  of  plant 


Average  eight  factories,  engines,  machines,  and  supplies 

per  employee  per  day 

Ordinance  plants  per  employee  per  day 

Gasoline  engines  per  employee  per  day 

60  ton  sulphite  pulp  mill  per  ton 

Add  making 

Cooling  gases 

Washing  blow  pits 

Pumping  out  blow  pits 

Wet  room 

Shipped  away  with  pulp 

Waste 

Total 

Tanning  hides  per  hide 

Coal  mine  waters  per  ton  coal 

Coal  gas  per  ton  coal  used 

Textile  trades: 

Bleaching  per  lb.  of  cloth 

Bleaching  i>er  lb.  cotton  waste.. 

Wool  washing  per  lb 

Yam  scouring  per  100  lb 

Woolen  pieces  per  yd 

Mixing  concrete  per  cubic  yard 


Min. 


24 
12 
67 


40.000 

17 

1,200 

104 


15 
24 

1 
26 

8.33 
50 


Max. 


78 
33 


150.000 

50 

2.400 

136 


2.24 


150 


Average 


57 
24 


2.625 

5.664 

4.220 

34.496 

63.184 

500 

1.200 

111,880 

33 

125 
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26.  Apartment  Houses. — The  consumptioii  in  apartment  houses  is  not  greatly  difierent 
from,  what  we  would  expect  to  find  in  residences,  except  that  there  is  a  comparatively  small 
amount  of  laundry  work  done,  and  usually  no  lawn  or  garden  sprinkling.  The  meter  readio)^ 
of  nine  of  these  apartment  houses  give  on  average  of  50  gal.  for  this  type  of  consumption,  with 
a  minimum  of  3A.4  and  maximum  of  75  gal.  per  capita  per  day.  Themeterreodingsof  13  apart- 
ments, some  havii^  special  uses,  give  a  minimum  of  35.7  gal.,  an  average  of  74.4  gal.,  and  maxi- 
mum of  181  gal.  per  capita  per  day. 

The  bU«  of  th«  ^wrtmeDt  buUdioc,  i,«.,  number  of  Bciunta  mpftrtmenta.  doev  not  lnfla«ac«  Ui«  pvr  npitt 
r&tfl.  In  lATfte  oitica  the  cviHumption  appears  to  ba  frentcr  thim  in  imall  c]li«.  MunidpAlly  ownmi  pUnta  with 
lov  rats  t<nd  to  promote  Uiiah  use  and  nute  of  water  u  compued  vith  privately  oirn«d  plants.  Where  water 
il  uled  for  ipeeisl  purpoaM,  luFh  a*  pumpint  air  for  IbcTmoat&t  operation,  water  for  coolini,  and  lor  ioe  machines, 
the  eanaumptioD  may  tun  from  7G  to  180  gal.  per  capita  per  day.     In  Boaton,  Deiter  Brockctl  found  that  the 

fint  daaa,  IS  cal.,  modemte  dam.  32  sal.,  and  the  poorest  clasa,  Ifl.O  gal.  per  capita  per  day. 

36.  Schools. — The  average  consumption  (meter  readings  for  6  mo.)  of  15  schools  was  22 

gal.  per  capita  per  day,  the  minimum  of  12  public  schools  was  8.5  gal.,  and  maximum,  45  gal. 

per  capita  per  day.     Three  parochial  schools  gave  a  mimrauin  of  4  gal,  and  a  maximum  of 

24  gal.  per  captia  per  day.     The  number  of  pupils  in  a  building  did  not  seem  to  influence  the 

rate  of  cooaumption. 


Sehoole  where  d 

meatic  a 

.ienoe  waa  taught  and 

»a  bath!  uaed. 

■how  a 

ninimum  d  13  cJ.,  a 

Umum  nl  45  ,.1, 

average  of  30  gal,  per 

ta    per   day.    wh 

cboola  where  neilher 

Uught  n 

or  ahower  batha  uaed. 

arnuin  39  gal.,  with 

™a,e  of  IB  (d. 

per  capita  per  day. 

'  37.  Hilk  Condenseries. — Condenseriea 

1  use  from  2  to  3  gal.  of  water  per  pound  of 

2  Ti'lk  with  a  possible  average  of  2.65  gal.  per 
pound  of  milk. 

SB.  Institntiona.^lnBtitutions,     especi- 
ally those  of  state  or  public  ownership,  ore 
p„  2,  lavishiisers  of  water  as  arule.    Theaverage 

water  consumption  for  37  institutions  was 
104  gal.  per  capita  per  day,  20  gal.  minimum,  and  a  maximum  of  310  gal.  Of  this  number  of 
institutions,  a  Y.W.C.A.  Camp,  a  Children's  Home,  and  a  University  were  the  minimum 
usera  of  water  with  a  consumption  of  20  to  25  gal.,  whereas  a  State  Hospital  used  the  greatest 
amount — viz.,  310  gal.  per  capita  per  day. 

The  miniinmn  eoaauniption  lor  15  state  hoapilala  and  aaylunii  wa»  BO  gal,  per  eapiU*  per  day,  a  marimuni  ol 
310  gal,,  with  an  average  of  63,55  gal, 

39.  Variations  in  Ratesof  Consumptioa. — The  consumption  of  water  varies  with  theseasons, 
temperature,  day  of  the  week,  and  with  the  hour  of  the  day.  Seasonal  fluctuations  vary  from 
a  miaimum  of  75%  to  a  maximum  of  125%  of  the  yearly  average.  Effectof  temperature  is 
shown  by  a  record  from  Detroit,  Mich,,  on  an  extremely  cold  day  when  the  consumption  for 
the  entire  day  was  150%  and  over,  of  the  yearly  average.  This  excess  was  waste  and  was  done 
to  prevent  freezing.  On  an  extremely  hot  day  in  the  same  city,  the  consumption  went  up  to 
175%  of  theaverage.  Sunday  consumption  was  found  to  be  from  50  to  85%  of  the  daily  aver- 
age. Fig,  2  illustrates  the  hourly  variation  in  consumption  in  per  cent,  of  the  average  daily 
rate  for  several  classes  of  consumption,     The  ourvee  represent  average  conditions  in  American 

C.  M.  8aville,  8up't,  o(  Waterworks,  HatUofd,  Conn,,  meaaured  the  manmum  rate  of  eonniniption  of  a  num- 
ber of  coDiumera  of  different  claaaea.  a  partial  liat  of  which  ia  given  in  Table  S.  It  will  be  noted  that  the  maxiniuiii 
eonaumptioD  of  a  tenement  house  occupied  by  110  people,  an  apartment  occupied  by  40  people,  and  a  family  ol  S 
people  ia  nearly  equal  in  amount.  However,  the  duration  ol  these  moiimuma  wag  much  greater  for  the  larger  Men, 
beiac  3  minutes  for  the  residence  and  70  minulea  for  the  apartment  house. 
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Tablb  8. — Maxocitm  Obsbrvbd  Rates  of  Conbuhption  in  Habtfobd,  Conn. 

(Joum.  N.  E.  W.  W.  ABs'n.  Dec.,  1918) 


Chantcter  of  service 


Number  of 
fixtures 


Mazimum 

observed  rate, 

(gal.  per  min.) 


Sise  of  meter 
needed 
(inches) 


1.  56  rooms,  150  people 

2.  Market 

3.  School,  460  pupils 

4.  Bank 

5.  {lotel 

6.  Hotel  elevator 

7.  School,  10  room,  15  teachers,  500  pupils 

8.  Tenement  block,  110  people 

9.  Industry,  ICXX)  employees,  hundreds  of  customers 

10.  60-2  room  apartments,  120  people  and  depart- 

ment store 

1 1.  Laundry 

12.  Residence,  6  i>eople 

13.  Apartment,  12  suites,  40  people 


94 

1* 
04 
1* 
202 
1» 
56 
100 
44 

135 
15 

15 
65t 


52.5 
150.0 
150.0 
135.0 
135.0 
225.0 

45.0 
9.0 

32.25 

93.75 
225.0 
10.0 
9.6 


IH 
2 

2 

2 

H 
3 
1 

H 

IH 

IH 
3 

H 

1 


*  Elevator  lift.  1  Estimate. 

80.  Meters. — A  meter  should  be  selected  for  a  given  service  so  that  the  ordinary  rate 
of  flow  of  water  will  be  approximately  the  rate  at  which  the  accuracy  of  the  meter  is  a 
maximum.  Too  often  the  selection  of  the  size  of  a  meter  is  governed  by  the  desire  to  cut 
down  the  loss  of  head  between  the  main  and  the  faucet,  than  it  is  on  the  rate  of  flow  in  the 
service  pipe.  Under  such  conditions,  the  service  rendered  does  not  come  within  the  limits 
of  accurate  registry  of  the  meter,  and  as  a  result  the  meter  greatly  under  registers.  To  meet 
these  conditions,  with  a  view  to  economy  as  well  as  efficiency,  Saville  says  it  is  desirable 
to  consider: 

1.  The  installation  of  larger  service  pipes  instead  of  larger  meters. 

2.  Proper  provision  in  the  house-piping  system,  to  meet  the  demands  of  modem  plumbing,  instead  (rf  install- 
ing larger  meters.  A  large-sised  riser  pipe,  acting  as  a  house  standpipe,  where  flushometer  fixtures  are  installed, 
might  give  a  better  service  than  could  be  obtained  by  use  of  a  larger  meter. 

3.  The  selection  of  meters  properly  designed  for  the  particular  use  to  which  they  are  to  be  put.  So  far  as  ao- 
euraey  of  registration  and  durability  goes  there  seems  httle  to  influence  choice  between  any  of  the  meters  now  pat 
on  the  market  by  the  half-dosen  or  more  reputable  manufacturers  of  water  meters.  So  far,  however,  as  loss  of  head 
is  ccmoemed,  meters  of  di£ferent  makes  now  on  the  market  show  considerable  variation. 

A  meter  should  be  set  where  it  will  not  freeze  and  preferably  should  have  a  breakable 
bottom.  Its  location  should  also  be  chosen  with  a  view  to  making  it  accessible  for  reading  and 
removing  for  testing. 

Table  9. — ^Ratbs  op  Use  op  Water  by  Plubibino  Fdctubbs 
(Adapted  from  C.  M.  Saville,  Hartford,  Conn.) 

1.  Fhishometer  cloeets.  Fixtures  Rate  of  use  (gal.  per  min.) 

Operating  singly 33  .75 

Three  operating  in  quick  succession 76 .0 

2.  Shower  baths. 

10  oonttnnously 46 .0 

6  continuously 30 .0 

10  continuously  and  four  flushometer  closets  operated  .in  quick  succession 00.0 

8.  Urinals. 

22  operated  in  quick  succession  by  two  persons 37 .6 

4.  HydrauHoJift 136.0 

6.  Hydraulic  lift 150 .0 

0.  6-inch  plunger  hydraulic  elevator 225 .0 

7.  Washing  maehine. 

FilUng  2— 150  shirt  machines 826.0 

Filliug  1  large  machine 127 .5 

8.  Filter  at  National  Bank 90 .0 

9.  Filter  at  school,  limit  of  capacity ,. 172 .6 

Washing  filters 76 .0 
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Table  10. — Summabt  of  Data  on  Ten  Makes  of  Disk  Meters 
(Adapted  from  Saville,  Hartford,  Conn.) 


Approz.  delivery  in  gallons  per  kninute 

Sise 
(inches) 

Price 

Weight 
(pounds) 

Lenffih 
(inches) 

Height 
(inches) 

Diameter 

(inches) 

with  stated  loss  of  pressure 

• 

5  lb. 

10  lb. 

151b. 

201b. 

H 

f  7.76 

'   10 

7« 

7H 

6Me 

8.4 

11.8 

14.5 

16  0 

H 

10.20 

13H 

9 

8 

8 

12.6 

17.8 

21.8 

25.0 

1 

13.75 

20 

lOH 

8H 

9H 

25.2 

35.5 

43.6 

50.0 

IH 

27.00 

38 

14M 

12H 

I2}i 

42.0 

59.0 

73.0 

85  0 

2 

45. GO 

58 

16H 

12H 

l^H 

63.0 

89.0 

109.0 

130  0 

Guaranteed  accuracy — Maximum  rate,  98  to  99  % ;  medium  rate,  98  % ;  minimum  rate.  90  to  95  % . 

Table  11. — Size  of  Meter  Rbqttired 


1  to    6  families 

^i-in  meter 

6  to  12  families 

^•in.  meter 

12  to  18  families 

1-in.  meter 

18  to  25  families 

IH'in-  meter 

Table  12. — Maximum  Proper  Rate  of  Flow  and  Lost  Head  Through  Disc  Meters, 

TOGETHER  WITH  TEOD  LENGTH  OF  STRAIGHT   PiPB  WHICH  GIVES  THE   SaME  LoST 

Head  at  this  Rate 
(Adapted  from  CM.  Saville,  Hartford,  Conn.,  Tests  on  Meters) 


Sise  of 

Maximum 
rate  of 

Approximate  lengths  in  feet  of  straight  pipe  to  give  same  loss 

meter 

flow 

Diameter  of  pipe  (inches) 

(inches) 

(gal.  per 

min.) 

-H 

1 

IH 

2 

3 

4 

6 

8 

H 

16 

50 

165 

H    . 

25 

20 

70 

600 

1 

50 

20 

160 

450 

IH 

85 

60 

170 

1250 

2 

130 

30 

80 

570 

2300 

3 

335 

... 

15 

100 

400 

2900 

4 

525 

■ .  . 

•   •   ■ 

45 

175 

1200 

6 

900 

.  .  . 

.... 

65 

460 

1900 

USEFUL  HYDRAULIC  DATA 

31.  Pressure  of  Water. — Pressure  of  water  is  usually  expressed  in  pounds  per  square 
inch,  py  and  head  or  depth  of  water  in  feet,  h. 


p  =  0.434;^ 
h  =  2.304p 


(lb.  per  sq.  in.) 
(head  in  feet) 


This  relationship  holds  for  a  static  condition  whether  the  pressure  or  head  is  created  by 
gravity  as  from  a  tank,  or  by  direct  pressure  from  a  pump  or  ram.  These  same  quantities 
expressed  in  pounds  per  square  foot  are 


P  -  62.5  H 
H  =    0.016P 


(lb.  per  sq.  ft.) 
r(head  in  feet) 
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The  coefficient  of  P  and  H  will  vary  slightly  with  the  temperature,  being  greater  for  tempera- 
tures near  39.1  deg.  F.  and  less  for  those  near  the  boiling  point.  For  all  practical  computations 
it  is  not  necessary  to  take  the  variation  into  consideration. 

Where  water  is  flowing  in  a  pipe  line  from  one  source,  as  from  a  tank  at  elevation  A  above  point  under  considera- 
tion, the  i>rea8ure  at  the  end  of  the  pipe  is  expressed  as  follows: 

p  -  0.434A  -  (A*  +  A/+  hi  +  Ai)         (lb.  per  sq.  in.) 

in  which  A«  >  head  required  to  produce  velocity  of  the  water,  A/  >■  head  to  overcome  friction  in  the  pipe,  A<  <- 
head  lost  at  entrance,  and  Ai  »  head  available  at  the  end  of  the  pipe,  but  at  the  same  elevation  as  point  at  which  p 
is  measured. 

82.  Flow  of  Water  in  Pipes. — Many  scientists  have  derived  formulas  for  the  flow  of  water 
in  pipes,  from  experiments  and  theoretical  considerations. 

« 

Table  13. — Pres&ube  Requirbd  to  Raise  Water  to  Top  Story  of  Buildings  with  Top 
OF  Tank  40  Ft.  Above  Roof,  Under  Opebatinq  Conditions;  also  Sizes  of 

Pipe  Used  Under  these  Conditions 
(Hazen  &  Williams'  tables  used  for  lojs  of  head) 


Pressure  required 
Gb.  per  sq.  in.) 

Number  of 
stories 

Elevation  in  feet 

8ise  of 
pipe*  to 

sunply 
all  floors 

Number  of 

people 

supplied 

Gallons  per 

Building 

Top  of  tank 

Hr. 

Min. 

34 
39 
43 
53 
54 
G5 
63 
70 
78 
78 
86 
08 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

17 

30 

43 

50 

63 

75 

88 

100 

113 

125 

138 

150 

57 

70 

83 

90 

103 

115 

128 

140 

153 

165 

178 

190 

1 

IK 

IH 

IH 

2 

2 

2H 

8 
3 
3 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

420 
840 
1200 
1500 
1980 
2400 
2700 
3120 
3600 
3900 
4200 
4500 

7 
14 
20 
25 
33 
40 
45 
52 

60     • 
65 
70 
75 

Nctea  on  Talie  13. — Only  one  riser  pipe  ia  assumed  to  supply  building  and  the  elevation  chosen  is  sufficient  to 
give  26  lb.  on  highest  floor  from  either  municipal,  elevated,  or  pneumatic  tank  supply.  Friction  loss  based  on 
maximum  rate,  assumed  at  twice  the  average  for  24  hr.  20  %  of  frfction  loss  in  pipe  and  velocity  head  is  added 
to  cover  loss  in  elbows  and  faucets.  Where  number  of  people  are  less  or  consumption  per  capita  is  less,  the  smaller 
sises  of  inpe  can  be  extended  to  higher  stories. 

*  Supply  assumed  to  come  from  public  supply  or  private  in  basement  or  at  ground  level;  velocity  for  average 
supply  3  to  4  ft.  per  second. 

If  supply  is  to  come  from  elevated  tank  on  roof,  then  the  largest  sise  of  pipe  should  extend  from  basement  to 
roof.  Example. — (a)  What  sise  of  pipe  should  be  chosen  for  an  ll-story  building  supplying  1100  people  with  tank 
on  roof?     (6)  With  municipal  supply? 

(a)  3  in.  for  full  11  stories,  (b)  3  in.  for  first  2  stories,  2H  in«  for  next  3  stories,  2  in.  for  next  2  stories,  l}iux, 
for  next  2  st<uies,  IK  i^-  for  the  next,  and  1  in.  for  the  last  story. 

Example. — What  sise  of  pipe  should  be  used  for  a  6-8tory  building  supplying  1200  people  with  4500  gallons  of 
water? 

In  this  case  the  sise  should  be  chosen  for  the  supply  and  not  the  floor,  so  a  3-in.  should  be  used.  The 
preMure  required  would  be  slightly  less  than  65  lb. 

One  of  the  simplest  and  most  commonly  used  is  the  Darcy  formula  in  which 


in  which  h 

f 
I 

d 


'  loss  of  head  in  feet. 

a  coefficient  approximately  »0.02. 

length  of  pipe  in  feet. 
•  diameter  of  pipe  in  feet. 


Iv* 
d'2g 


(Head  lost  in  feet) 
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V  ■■  velocity  in  feet  per  second. 

g  =  gravity. 

Q  =  cubic  feet  per  second. 

Tables  have  been  prepared  by  Weston,  Williams  and  Hazen,  and  others,  showing  the  loss 
of  head  for  all  standard  sizes  of  pipes  and  covering  a  wide  range  in  discharge. 

From  the  above  formula  the  following  relationahip  may  be  found: 
The  loss  of  head  (h)  varies  directly  with  the  square  of  the  discharge  (Q). 
The  loss  of  head  (A)  varies  inversely  with  the  fifth  power  of  the  diameter  (cQ. 
The  discharge  (Q)  varied  directly  with  the  five  halves  power  of  the  diameter. 

The  discharge  varies  inversely  as  the  square  root  of  the  length  (I)  and  directly  as  the  square  root  of  the  loss  of 
head  (h). 

38.  Head  Lost  in  Elbows,  Tees,  Valves,  Etc. — Besides  the  head  lost  in  friction  in  straight 
pipe  due  to  the  flow  of  water,  there  are  other  losses,  such  as  occur  in  elbows,  tees,  valves,  and 
meters.  The  condition  of  the  surface  of  the  interior  of  the  elbow  or  tee,  its  diameter,  and  radius, 
effect  the  loss  of  head  to  such  an  extent  that  no  very  definite  rule  can  be  made  as  to  the  amount 
of  this  form  of  loss  of  head  in  a  pipe  system.  The  loss  may  be  expressed  in  several  wa3r8, 
but  for  convenience  it  is  best  to  express  it  in  equivalent  length  of  pipe  of  same  size.  The 
following  extract  is  from  the  Engineering  Newa,  issue  of  June  10,  1917,  p.  38: 

The  loss  of  head  in  long  turn  elbows  2H  to  8  in.  in  diameter  for  all  flows,  is  about  equal  to  that  in  4  ft.  of  pipe 
of  same  diameter:  for  same  sixes  with  short  radius,  the  loss  of  head  is  equal  to  that  in  0  ft.  of  pipe  of  same  diam- 
eter. For  teoB  with  long  radius,  the  equivalent  is  0  ft.  and  with  short  radius  17  ft.  Loss  of  head  in  yi-Ui.  bends  ia 
about  equal  to  5  ft.  of  pipe. 


Table  14. — ^Loss  op  Head  through  Pipe  Elbows 
(Bulletin  1759,  University  of  Texas) 


Diameter  of  bend  in  inches 

>^ 

y< 

1 

IM 

2 

2M 

3 

3M 

4 

Equivalent  length  of  straight  pipe  in  feet, 
i  ty  1  ft,  per  sec 

Veloc- 

1.2 

1.7 

2.2 

1 

3.25 

4.3 
4  9 
5.3 

5.35 

6.4 
7  3 

7.45 

8.5 

2  ft.  per  second 

1.3 

1  .0 

2.5 

3.76 

6.1 

8.5 

9.7 

3  ft.  oer  second 

1.5 

2.1 

2.75 

4.0 

6.6 

7.9 

9.2 

10  5 

In  Tables  15  and  16  are  given  all  of  the  available  data  on  the  loss  of  head  in  wide  open  valves. 
For  data  on  the  loss  of  head  in  valves  partly  open,  see  Bull.  106,  Engr.  Exp.  Station,  University 
of  Illinois. 


Table  15. — Loss  op  Head  in  Gate  Valves 
(Compiled    by    Charles  I.  Corp    from    experiments  in  the  hydraulic  laboratory    of    the 

University  of  Wisconsin) 

Valves  wide  open 


Sise  of  valve  in  inches 

yi 

n 

1 

2.5 

2 

3 

4 

5 

6 

Equivalent  length  of  straight  pipe  in  feet .  . 

15 

1.76 

2 

3 

3.5 

4 

4.5 

5 
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Table  16. — ^Loss  of  Head  in  Globe,  Angle,  and  Check  Valves 
(Compiled  by  Charles  I.  Corp  from  various  sources,  representing  practically  all  published 

data  obtainable) 


1 

Type  of  valve 

Globe 

Angle 

Check 

1  in. 

IH  in. 

2  in. 

lin. 

2  in. 

iHin. 

4  in. 

Gin. 

A 

B 

A            B 

Equivalent  length  of  straight 
nine  io  feet 

15 

25 

30 

10 

11 

36 

25 

130 

50 

200 

"A"  Pratt  and  Cady  Check  Valve. 
"B"  Walworth  Globe  Check  Valve. 

34.  Ratio  of  Capacities  of  Pipes. — It  is  often  desirable  to  know  how  many  pipes  of  a  given 
size  are  equal-  to  one  pipe  of  a  larger  size.  Pipe  sizes  are  to  each  other  as  the  squares  of  their 
diameters  and  this  relation  is  often  erroneously  used  for  the  ratio  of  capacities.  Table  17  gives 
the  correct  rdationship  based  on  carrying  capacity,  as  nearly  as  can  be  stated  for  all  rates  of 
flow. 

Table  17. — Ratio  of  Pipe  Capacities 
(Diameter  of  Pipe  in  Inches) 


Dia. 

H 

H 

H 

H 

1 

IH 

IH 

2 

2H 

3 

4 

5 

6 

8 

10 

H 

1.0 

0.555 

0.367 

0.267 

0.14 

0.067 

0.045 

0  025 

H 

1.8 

10 

0.657 

0.60 

0.25 

0.125 

0.084 

0.046 

0.025 

H 

2.8 

1.8 

1.0 

0.56 

0.30 

0.17 

0.103 

0.049 

0.027 

0.0167 

_ 

H 

3.8 

2.0 

1.6 

1.0 

0.53 

0.25 

0  20 

0.10 

0.054 

0.033 

0  0154 

1 

7.0 

4.0 

3.4 

1.9 

1.0 

0.50 

0  32 

0.18 

0  10 

0.0625 

0.029 

0.0164 

IH 

15.0 

8.0 

6.0 

4.0 

2  0 

1.0 

0.66 

0.38 

0.21 

0.13 

0  06 

0.033 

0.0209 

IH 

22.5 

12.0 

10.0 

5.0 

3.1 

1.5 

10 

0.57 

0.31 

0.19 

0.09 

0.0509 

0  .0314 

2       ' 

10.0 

21.7 

20.5 

10.0 

5.4 

2.7 

1.8 

1.0 

0.56 

0.34 

0.16 

0.09 

0.056 

2H 

■    .    ■    > 

40.0 

37.5 

18.7 

10.0 

4.8 

3.2 

1.8 

1.0 

0.63 

0.29 

0.16 

0.101 

3 

.   .    .    • 

60.0 

30.0 

16.0 

7.8 

5.2 

2.9 

1.6 

1.0 

0.47 

0.26 

0.16 

0.077 

4 

-   •   .    . 

65.0 

34  0 

16.7 

11.0 

6.3 

3.4 

2.1 

1.0 

0.56 

0.34 

0.164 

0.09 

5 

■    ■    •    ■ 

•   >    ■    ■ 

•    .    •   • 

.  •  ■  • 

61.0 

30.0 

19.65 

11.3 

6.1 

3.9 

1.8 

1.0 

0.62 

0.29 

0.16 

6 

.    •    •    • 

■   .    .    - 

•   .    ■    - 

.... 

47.8 

31.8 

17.9 

9.9 

6.2 

2  94 

1.6 

1.0 

0.47 

0.25 

8 

■    .   .   • 

•    ■    ■   • 

.... 

■    ■   • 

.    .   .    - 

.... 

.... 

•   ■    •   • 

13.2 

6.13 

3.4 

2.1 

1.0 

0.55 

10 

■   •   -   • 

.    •   •    ■ 

.... 

.... 

.... 

.... 

.... 

.... 

20.3 

9.9 

6.3 

4.0 

1.8 

1.0 

niiurtrative  Problem. — What  diameter  pipe  should  be  used  to  supply  six  1-in.,  four  M-in<t  and  eight  yi-in, 
pipes? 

Reduce  all  sisee  to  equivalent  1-in.  pipes  from  Table  14  as  follows: 


6 — 1    in.  ■ 

4 — fi  in,  » 
8— >4  in.  . 

All 

1— 2H  in. 


6 — 1-in.  pipes 
2 — 1-in.  pipes 
2 — 1-in.  pipes 

10 — 1-in.  pipes 
'  10— 1-in.  pipes 


That  is,  ten  1-in.  pipes  are  equivalent  to  one  2>^-in.  pipe.  Where  the  total  number  of  equivalent  pipes  does  not 
exactly  equal  one  large  pipe«  i.e.,  suppose  the  above  total  had  been  13  instead  of  ten  1-in.  pipes,  we  should  use  a 
^n.  pipe  as  it  is  the  next  larger  sise  that  could  be  used.  It  is  not  necessary  to  always  use  1  in.  for  a  common  base. 
If  IK-in.  pipe  had  been  used,  we  would  have  5 — 1^-in.  pipes;  4.8 — l>^-in.  pipes  -  1 — 2H-in<  pipoi  giving  the  same 
result. 
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36.  Fire  Stroams. — In  Table  18  are  given  data  upon  such  fire  streams  as  should  be  used 
from  standpipe  service  within  a  building.  These  streams  are  intended  only  for  first-aid  stream 
in  non-fireproof  buildings  or  for  small  fires  in  fireproof  buildings.  For  all  non-fireproof  build- 
ings, equipment  should  be  provided  to  supply  fire  streams  outside  of  buildings  and  from 
hydrants  on  city  or  private  mains.     Data  for  such  streams  are  given  in  Table  19. 

Table  18. — Firb  Strbam  Data  for  StXndpipb  Service 


>4«'i°-  nossle, 

H-in.  nossle, 

^-in.  nossle. 

^-in.  nossle. 

Elevation 

100  ft.  of  1-in 

.  hose 

100  ft.  of  IH-in.  hose 

100  ft.  of  2-in. 

hose 

■  100  ft.  of  2-in.  hose 

above  hose 

connection 
in  feet 

Height 
of  jet 

Gallons 
per 
minute 

Loss  of 

head 

in  hose 

Height 
of  jet 

Gallons 

per 
minute 

Loss  of 
head 
in  hose 

Height 
of  jet 

Gallons 
per 

minute 

Loflsof 

head 

in  hose 

Height 
of  jet 

Gallons 

per 
minute 

Loss  of 
head  in 

hOM 

10 

9.37 

3.6 

2.0 

9.7 

14.6 

3.0 

9.7 

22.7 

3.3 

0.8 

•    • 

33  ..8 

4.5 

20 

17.6 

6.1 

3.0 

18.7 

20.6 

6.6 

19.0 

32.2 

4.4 

19.2 

46.2 

0.0 

30 

24.4 

6.4 

5.0 

27.2 

26.2 

7.5 

27.7 

39.4 

6.6 

28.3 

66.8 

12.8 

40 

30.0  1 

7.3 

7.0 

35.0 

29.6 

11.0 

36.0 

45.6 

8.3 

37.0 

.    66.6 

•16.5 

50 

34.0 

8.1 

7.8 

42.2 

32.5 

12.8 

44.0 

60.9 

10.0 

46.0 

73.3 

19.6 

60 

37.6 

8.9 

9.7 

48.7 

36.6 

15.0 

51.0 

56.7 

12.0 

52.0 

80.3 

K23.8 

70 

30.0 

.9.6 

11.0 

55.0 

38.5 

17.0 

58.0 

60.1 

13.0 

60.0 

86.8 

26.0 

80 

30.4 

10.3 

12.0 

60.0 

41.2 

19.6 

64.0 

64.3 

16.0 

67.0 

92.6 

31.0 

90 

40.0 

10.9 

14.0 

65.0 

43.7 

20.0 

70.0 

68.3 

17.0 

73.0 

98.4 

34.2 

100 

• 

40.6 

11.6 

16.4 

69.0 

46.1 

24.0 

75.0 

72.0 

19.6 

79.0 

103.7 

38.0 

Table  19. — Fire  Stream  Data  for  Hydrant  Service 


Pressure  in 

pounds  at 

nossle 


j^-in.  nossle,  100  ft.  of  2H-in. 
hose 


1-in.  nossle,   100  ft.  of  2^'Uk. 
hose 


Height 
of  jet 


Gallons 

per 
minute 


lioes  of 

head  in 

hose 


Height 
of  jet 


GaHon3 

per 
minute 


L088  of 

head  in 

hose 


iH-in.  nosile.  100  ft.  of  2>i-in. 
hose 


Height 
of  jet 


Gallons 

per 
minute 


Loss  of 
head  in 
hose 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


17 

52 

1 

18 

93 

33 

73 

2 

35 

132 

48 

90 

2 

51 

161 

60 

104 

3 

64 

186 

67 

116 

4 

73 

208 

72 

127 

5 

79 

228 

76 

137 

6 

85 

246 

79 

147 

6 

89 

263 

81 

156 

7 

92 

279 

83 

164 

8 

96 

296 

2 
5 
7 
10 
12 
16 
17 
20 
22 
26 


36 

168 

62 

206 

66 

238 

76 

266 

83 

291 

88 

314 

92 

336 

96 

366 

99 

376 

8 
13 
16 
20 
24 
28 
32 
36 
40 


86.  Sprinkler  Systems. — The  dry  pipe  system  is  one  in  which  water  is  turned  into  the  main 
pipes  that  supply  the  pipes  in  the  building,  but  an  air  pressure  greater  than  the  water  pressure 
b  maintained  in  the  distributing  pipes.  When  a  sprinkler  is  open,  the  air  in  the  pipe  system 
immediately  begins  to  escape.  The  air  pressure  is  thus  lowered  and  water  automatically  flows 
into  the  system  and  escapes  through  the  open  sprinklers.  The  dry  system  is  desirable  only  in 
places  where  wet  pipes  will  freeze.  The  general  Underwriter's  requirements  for  proper  in- 
stallation of  sprinkler  systems  call  for  the  use  of  two  independent  water  supplies,  in  order  to 
secure  the  nunimum  rate  of  insurance,  which  may  be  from  30  to  50%  reduction  on  the  total 
insurance  rates.  One  of  these  supplies  must  be  automatic  and  one  should  furtiish  water  under 
heavy  pressure.     The  Underwriter's  accept  the  following  combination : 


Sec  2-^1 


WATER  SUPPLY  DATA  AND  EQUIPMENT 


1197 


Public  Water  Works  and  Duplex  Steam  Pump. 

Public  Water  Works  and  Air  Pressure  Tanks. 

Elevated  Gravity  Tank  and  Duplex  Steam  Pumps. 

Publio  Water  Works  and  Elevated  Gravity  Tank. 

Public  Water  Works  and  Rotary  Pumps. 

Elevated  Gravity  Tank  and  Air  Pressure  Tabk. 

Elevated  Gravity  Tank  and  Rotary  Pumps. 

A  steam  pressure  of  not  less  than  50  lb.  should  be  maintained  at  all  times  on  the  pumps,  and  an  automatic 
resulator  should  be  applied  to  the  steam  pump  so  that  it  will  start  automatically  when  a  sprinkler  is  unsealed, 
therrby  furnishing  the  system  with  a  full  supply  ot  water. 

Tablb  20. — Loss  OF  Head  in  2>{ — In.  Firb  Hosb 
Hydrant  pressure  100  lb.  (from    S.  A.  Charles) 


Length  of 
hose 

Pressure  at 
nossle 

Loss  of  pressure 
in  hose 

Disebarge  gallons 

(feet) 

(pounds  per  square  inch) 

(pounds  per  square  inch) 

per  minute 

50 

87.0 

13.0 

274 

100 

80  0 

20.0 

262 

200 

00.2 

30  8 

243 

300 

61.2 

38  8 

231 

400 

55  7 

44.3 

218 

600 

50.0 

50  0 

208 

600 

45.5 

&4.5 

108 

700 

41  5 

58.5 

180 

800 

38.1 

61.0 

180 

900 

34.8 

65.2 

173 

1000 

30  0 

70.0 

161 

1500 

22  4 

77  6 

1 

138 

i 

Number  of  AtUomatic  Sprinkler  NozzUs^  UnderwrUer's  RtUe8. — The  approximate  number 
of  ^rinkler  nozzles  for  open  joist  construction  is  one  to  every  80  sq.  ft.  of  floor  space ; 'for  fireproof 
construction,  one  to  90  to  100  sq.  ft.  of  floor  space.  Nozzles  are  usually  spaced  8  to  12  ft. 
apart  on  the  pipe  line  and  the  lines  10  to  12  ft.  apart,  depending  on  the  size  of  the  bays  made 
by  the  joists  and  floor  beams. 


Size  of  Pipes  and 

Number  of  I 

N^OZZLES 

Sise  of  pipe  (inches) 

H 

1 

2 

'IH 

IH 

2 

2H 

3 

3Vi 

4 

5 

6 

Maximum  number  of 
sprinkleis 

1 

3 

• 

5 

10 

20 

36 

55 

80 

140 

200 

Preseure. — ^The  supply  should  give  not  less  than  25  lb.  static  pressure  at  the  highest  line 
of  sprinklers  and  10  lb.  dynamic  pressure  when  the  section  is  liable  to  be  open  at  one  time. 

TankSy  Qratnty. — Capacity,  30,000  gal.,  75  ft.  from  yard  level  with  bottom  at  least  20  ft. 
above  highest  sprinkler. 

Tartks,  Preeeure. — ^Total  capacity  45,0(X)  gal. 

Discharge  of  Sprinkler  Nozzles 
(Average  of  four  records) 


Pounds,  pressure 

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

GaHons'  per  min- 
ute    

12 

17.5 

25 

30.5 

35.5 

40 

44 

48 

51.5 

54.7 

58 

The  Granell  metal  disc  discharges  10%  less,  the  Walworth  10%  more  and  the  Esty  20% 
more  water  than  the  above.  The  discharge  of  these  sprinklers  is  about  a  mean  between  open 
fi-in.  and  }i4n.  straight  nozzle. 
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87.  Standpipe  and  Hose  Systems — Number  of  Standpipes, — ^There  shall  be  one  large 
standpipe  for  2}^-i]i.  hose  to  each  accessible  floor  area  not  exceeding  150  X  75  ft.;  for  1^-in. 
and  V/i'in.  first  aid  hose  streams,  one  to  each  80  X  40  ft.  of  accessible  floor  ajrea.  First  aid 
hose  lines  must  reach  within  5  ft.  of  all  portions  of  the  building,  and  2|^-in.  hose  streams  within 
10  ft.  of  all  portions  of  the  building.  2>^-in.  hose  should  have  lyi-in.  nozzles;  and  l^-in. 
hose,  J^-  to  J^-in.  nozzles. 

Tanks. — Gravity  tanks  should  have  a  capacity  of  2500  gal.  with  bottom  20  ft.  above  roof; 
pressure  tanks  same  as  for  sprinkler  systems. 


Table  21.- 

-Area,  Dimensions,  and  Contents 

J  OP  Wrouoht-iron  Pipes 

Diameter 
(inches) 

Area 
(square  feet) 

Internal  area 
(square  inchest 

External  area 
(square  inches) 

Internal 
circumf. 
(inches) 

External 
circumf. 
(inches) 

Gallons  per 
foot  of 
length 

H 

0.0021 

0.304 

0.554 

1.957 

2.642 

0  0158 

H 

0.0037 

0.533 

0.866 

2  589 

3.299 

0.0277 

1 

0.0069 

0.861 

1.358 

3.292 

4.134 

0.0447 

IH 

0.0141 

2.036 

2.835 

5.061 

6.970 

0.1058 

2 

0.0233 

3.356 

4  .430 

6.494 

7.461 

0.1743 

2H 

0 .0332 

4.780 

6.492 

7.754 

9.032 

0.2483 

3 

0.0513 

7.383 

9.621 

9.636 

10.996 

0  3835 

3H 

0.0687 

9.887 

12.566 

11.146 

12.566 

0  5136 

4 

0.0884 

12 .730 

15.904 

12.648 

14.137 

0.6613 

4H 

0.1109 

15 .961 

19.635 

14 .  153 

15.708 

0.829 

5 

0.1388 

19.986 

24.301 

15.849 

17.475 

1.038 

6 

0  2005 

28.890 

34  .472 

19.054 

20.813 

1.500 

7 

0  2691 

38.738 

45.664 

22.063 

23.954 

2.012 

8 

0 .3479 

50.027 

58.426 

25.076 

27.096 

2  599 

9 

0.4352 

62.730 

72.760 

28.277 

30.333 

3.259 

10 

0.5474 

78.823 

90  .763 

31 .475 

33.772 

4.095 

12 

0.7854 

113.098 

127 .677 

37.70 

40.06 

5.875 

Sizes  op  Standpipes  for  2)^-in.  Hose  and  1J^-in.  Stream 


Pipe  sixe 

Number  of 
floors 

Height  of 
building 

Number  of 
streams 

4 

5 
6 
8 

4 

6 

12 

over  12 

55 

75 

150 

4 
6 
8 

Sizes  for  l>i-iN. 

AND  l?^-iN.  Hose  First  Aid  Streams 

2 

1 

4                                        50 

2-50    gallon  streams. 

38.  Rain  Leaders  or  Down  Spouts. — No  very  definite  rules  can  be  laid  down  for  the  runoff 
from  roofs  or  the  size  of  rain  leaders,  for  the  reason  that  there  are  so  many  modifying  conditions 
that  cannot  be  previously  judged  or  estimated.  The  entrance  to  the  down  spout  or  leader  may 
be  well  designed  but  at  the  time  of  an  unusual  storm  would  be  clogged  with  leaves  and  other 
debris.  However,  if  we  assume  favorable  conditions  to  exist,  and  that  the  head  of  water  main- 
tained by  the  rain  over  the  inlet  to  the  down  spout  is  used  to  overcome  the  resistance  at  the 
inlet  and  to  produce  the  velocity  in  the  leader  at  its  starting  point,  then  the  relationships  between 
intensity  of  rain,  areas  of  roofs,  and  sizes  of  down  spouts  are  given  in  Table  22. 

This  table  bi  prepared  on  the  assumption  that  the  flooding  of  the  inlet  of  rain  Header  is  >i  in.,  ^i  in.,  and  1  in.  for 
small  {S),  medium  (JkOi  and  large  (L)  roofs,  respectively  Intensity  of  rainfall  for  a  few  minutes,  as  15,  may  reach 
3.5  in.  in  Eastern  and  Central  United  States.  These  values  for  intensity  of  2  in.  per  hour  agree  well  with  the 
following  approximate  rule: 
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For  small  roofs,  1  sq.  in.  in  sectional  area  of  the  leader  for  each  150  sq.  ft.  of  roof  surface;  for  medium  aixed  roofs,! 
sq.  in.  in  sectional'area  of  the  leader  for  each  200  sq.  ft.  of  roof  surface;  and  for  large  roofs,  1  sq.  in.  in  sectional  area 
of  the  leader  for  each  250  sq.  ft.  of  roof  surface. 

Table  22. — Size  of  Rain  Leaders  for  Intensities  of  Rain  and  Areas  of  Roof  in 

Square  Feet 


Intensity  of  rain  in  inches  per  hour 

Sixe  of  rain 

Relative  siae 

leader 

of  roof 

(diameter  in 
inches) 

1  in. 

IM  in. 

2  in. 

t 

2M  in. 

3  in. 

3Hin. 

4  in. 

Sin. 

6  in. 

S 

2>i 

1728 

1150 

864 

692 

576 

404 

432 

345 

288 

M 

2W 

1018 

1278 

051 

766 

630 

548 

479 

384 

319 

L 

2H 

2407 

1605 

1205 

062 

802 

688 

620 

482 

401 

S 

3 

2407 

1605 

1205 

062 

802 

688 

620 

482 

401 

M 

3 

2885 

1025 

1444 

1155 

062 

824 

722 

677 

481 

L 

3 

3370 

2248 

1685 

1340 

1124 

063 

843 

674 

662 

8 

4 

3840 

2560 

1920 

1535 

1282 

1098 

960 

768 

640 

M 

4 

4800 

3200 

2400 

1022 

1600 

1374 

1200 

961 

800 

L 

4 

6770 

3S50 

2885 

2310 

1925 

1650 

1444 

1144 

963 

S 

5 

6000 

4000 

3000 

2100 

2000 

1716 

1502 

1200 

1000 

M 

5 

8115 

5405 

4057 

3245 

2705 

2320 

2030 

1624 

1366 

L 

5 

9620 

6420 

4810 

3650 

3210 

2750 

2405 

1925 

1606 

S 

6 

0620 

6420 

4810 

3850 

3210 

2750 

2406 

1925 

1606 

M 

6 

12000 

8000 

6000 

4800 

4000 

3460 

3000 

2400 

2000 

L 

6 

14400 

0600 

7200 

5760 

4800 

4115 

3600 

2880 

2400 

Rainfall  which  might  effect  the  siae  of  rain  leaders  or  the  size  of  cisterns  for  roof  water  are 
best  expressed  in  formulas: 


t  "  intensity  of  rain  in  inches  per  hour. 
I  ■■  time  in  minutes  from  the  beginning  of  the  storm. 

British  storms 

Very  rare    % 

Unusual    i 

Numerous  storms    • 
Central  Europe 

Once  a  year    i 
Talbot's  curves  for  U.S.A. 

Eastern  states,  maximum    t 

Ordinary  storms    t  > 


240 

<  +  30 
168 

'  «  +  30 

84 

(  +  30 

36 
<+  10 

360 

t  +  30 
105 

(+  15 


These  formulas  are  typical  of  the  Temperate  zone.     The  numerator  of  all  of  these  formulas 
is  usually  25  times  the  maximum  1-day  rain  in  20  yr. 


PUMPING  EQUIPlfENT 

39.  Hydraulic  Rams. — The  hydraulic  ram  is  the  most  efficient  pumping  engine  known, 
because  it  is  both  a  motor  and  a  pump.  It  operates  on  the  principle  of  a  water  hammer;  that 
is,  a  quantity  of  water  in  a  pipe  called  drive  pipe  is  allowed  to  get  up  a  high  velocity  by  flowing 
fredy  into  the  atmosphere  when  suddenly  a  valve  is  closed.  The  energy  of  the  moving  water 
is  then  transformed  into  pressure,  thus  driving  a  portion  of  it  to  a  higher  elevation  or  against 
a  pressure  greater  than  the  static  pressure  on  the  drive  pipe. 
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Referring  to  Fig.  3,  suppose  that  the  valve  "C*  is  open  so  that  the  water  entering  from 
the  drive  pipe  "A  "  can  flow  out  freely.  The  pressure  on  the  under  side  of  "C"  will  gradually 
increase  until  the  valve  is  forced  to  its  seat.    The  energy  of  the  moving  water  equal  to 


'^ 


(ft.  lb.  per  sec.) 


will  force  the  check  vslve  "D"  open  and  thus  force  some  of  the  water  into  the  air  chamber  '*E." 
The  recoil  or  ''kicks  "  backwards  will  dose  **  D ''  and  open  "  C, "  th\is  completing  a  cycle.  When 
the  length  and  size  of  the^drive  pipe,  and  adjxistment  of  the  valves  *^  C"  and  '*/)  **  are  propo- 
for  the  given  conditions,  the  machine  will  woik  on  indefinitely  without  any  attention.  The 
only  cost  of  operation  is  the  possible  replacement  of  these  vslves  once  a  year. 

Conditions  favorable  for  the  installation  of  a  ram  are:  a  supply  of  water  from  a  spring, 
stream,  or  artesian  well,  greater  than  3  gal.  per  minute;  a  fall  or  difiFerence  of  elevation  of  3  ft. 
or  more;  an  outlet  for  the  waste  water;  space  for  a  drive  pipe  of  proper  length;  and  the  ratio 


FiQ.  3. 


of  fall  of  water  to  lift  of  discharge  not  over  1  to  8  or  9  for  small  power  heads  and  not  over  1  to 
30  for  high  heads. 

The  amount  (q)  of  water  raised  in  gallons  per  minute  is  given  by  the  following  formula: 


-B«ff 


(gal.  per  min.) 


q--  E 

in  which  Q  »  gallons  per  minute  available  from  source  of  supply. 
q  »  gallons  per  minute  raised  to  elevation  h, 
H  »  fall  in  feet  from  source  of  supply  to  ram. 
h  »  elevation  in  feet  above  ram  to  which  water  is  raised. 
E  a  efficiency  of  ram  (about  66^%). 

Rams  are  made  single  and  double  acting ;  single  acting  raise  a  part  of  the  water  that  is 
used  for  power,  but  double  acting  can  use,  for  instance,  a  muddy  water  of  a  stream  for  power, 
and  a  clear  water  from  an  artesian  well  or  spring  for  the  delivered  water. 

To  determine  the  proper  aise  of  ram  to  use,  measure  the  supply  (Q)  of  water  available  for  power  purposea  in 
gallons  per  minute.  Measure  the  head  (H)  available  for  power,  which  is  the  distance  in  feet  from  the  surface  of  the 
water  in  supply  to  level  of  waste  valve  at  ram  site.  The  dlsobarf  e  head  (A)  should  also  be  measured  as  accurately 
as  possible  by  level  or  surveying  instrument.  To  this  head  should  be  added  the  friction  head  and  velooity  head, 
where  the  quantities  of  water  are  large.  The  sise  of  the  drive  pipe  far  small  rams  should  be  such  that  the  average 
velocity  of  the  power  water  will  be  about  1.5  ft.  per  sec 

There  are  many  makes  of  the  smaller  rams  that  can  be  secured  from  any  large  jobbing  house.  There  are  two 
companies  at  least  that  make  large  rams;  these  are  the  Rife  Hydraulic  Mfg.  Co.,  and  the  Niagara  Hydraulic  Engine 
Co. 

To  use  Table  33,  select  numbw  of  ram  corresponding  to  the  flow  of  the  stream  or  well,  provide  drive  and  dis- 
charge pipes  of  diameter  given  opposite  this  number. 

The  length  of  the  drive  pipe  for  No.  1  to  No.  4  incl.  should  be  60  ft.  or  more;  for  sises  No.  6  to  No.  48  the 
length  will  depend  upon  the  ratio  of  power  head  to  discharge  head  and  should  be  estimated  for  each  installation. 
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Tabl£  23. — Trade  Infobhation  on  Capacities  of  Niagara  Rams 


FaUof 

Diameter 

Flow  of  spring, 

stream,  or 

artesian  well 

(gallons  per 

minute) 

power 

water  in 

feet 

Diameter  of 

WiU  ele- 

Limit of 

Price            1 

Naof 
ram 

of  drive 

pipe 
(inches) 

discharge 

pipe 
(inches) 

vate  for 

each  foot 

of  fall 

dtscharge, 

devation   in 

feet 

Weight 

Single 

Double 

Min. 

Max. 

00 

H 

Mto2 

3 

40 

H 

30 

300 

85 

S  20 

».... 

0 

H 

2  to  4 

3 

40 

H 

35 

400 

50 

28 

•   •   •   • 

1 

1 

5  to  11 

3 

40 

H 

35 

400 

190 

45 

60 

IH 

IM 

8  to  18 

3 

40 

1 

35 

400 

292 

55 

70 

3 

2 

10  to  25 

2 

40 

1 

35 

400 

400 

60 

80 

3 

3 

20  to  40 

2 

40 

IH 

35 

400 

500 

75 

90 

4 

4 

35  to  75 

IH 

40 

2 

30 

300 

779 

145 

465 

6 

6 

100  to  200 

IH 

30 

3 

35 

300 

1.600 

400 

926 

12 

12 

400  to  000 

IH 

50 

6 

35 

800 

6,000 

1200 

1350 

18 

18 

1000  to  1.800 

IH 

50 

9 

35 

800 

9.000 

1800 

1950 

24 

24 

1600  to  3.600 

IH 

50 

12 

35 

800 

12.000 

2660 

2775 

36 

86 

3500  to  9.000 

IH 

40 

18 

35 

500 

14.050 

3480 

3685 

48 

48 

9000  to  15.000 

IH 

40 

24 

35 

500 

16,000 

4350 

4475 

40.  Deep  Well  Pltinger  Pumps. — Deep  well  plunger  pumps  are  generally  used  where  a 
relatively  small  quantity  of  water  is  desired,  or  where  the  size  and  depth  of  the  well  will  not 
permit  the  use  of  other  types  of  pumps.    They  are  usually  single  acting,  raise  water  on  up 


TARLn  24. 

— ^Tradb  Information  on  "Paui 

."  Pumps,  Ttpb 

"H"  Deep  Well  Type 

Na  ol 
pump 

Stroke 
(inches) 

Up  stroke 
per  minute 

Motor 
horse- 
power 

Diameter 

of 
cylindw 
(inches) 

Capac- 
ity   (gal- 
lons   per 

hour) 

Size 

drop 

pipe 

(inches) 

Smallest 
well 
casing 
(inches) 

Discharge 

pipe 
(inches) 

Maximum 

total    head 

(feet)» 

Depth  to 
water  at 

50  1b. 
dischargef 

BO-H 

5 

48 

H 

150 

IH 

2 

H 

162 

50 

51-J7 

6 

44 

H 

IH 

164 

2 

3 

H 

340 

260 

51-H 

6     '^ 

44 

H 

2H 

273 

2H 

1 

210 

130 

51-H 

6 

44 

H 

2^ 

407 

3 

IH 

140 

60 

53-/f 

8 

44 

1 

IH 

220 

2 

H 

360 

280 

53-H 

8 

44 

1 

2H 

363 

2H 

1 

220 

140 

53-JEf 

8 

44 

1 

2H 

543 

3 

IH 

150 

70 

53- J7 

8 

44 

1 

•     •      .     a 

220 

IK 

H 

310 

160 

54- i7 

10 

40 

2 

2H 

413 

2H 

1 

450 

370 

54- H 

10 

40 

2 

2H 

616 

3 

IH 

300 

220 

54- J7 

10 

40 

2 

3H 

862 

3H 

4H 

IH 

220 

140 

54-tf 

10 

40 

2 

3« 

1147 

4 

2 

170 

90 

55-^ 

10 

40 

3 

3H 

1000 

2H 

IH 

280 

170 

SS-H 

10 

40 

3 

3H 

1147 

3 

4H 

2 

240 

140 

55-1/ 

10 

40 

3 

4 

1310 

3 

4H 

2 

210 

120 

56-^ 

12 

40 

3 

4 

1567 

3 

4H 

2 

180 

90 

5e-£r 

12 

40 

3 

4H 

1770 

3H 

5 

2 

150 

70 

*  From  water  level  in  well  to  highest  point  of  discharge,  corresponding  to  maximum  pressure  at  pump,  allow- 
ing for  75  ft.  of  steel  pump  rod. 

t  Allowance  has  been  made  for  steel  pump  rod  to  submerge  cylinders  25  ft.,  also  for  15-Ib.  range  of  automatic 
controllers. 

Note:  "  Maximum  total  head  *'  means  the  total  distance  in  feet  from  lowest  water  level  to  highest  point  of 
dJseharge.  If  the  pump  will  discharge  into  a  pneumatic  tank,  the  maximum  total  head  will  be  the  distance  in  feet 
from  the  lowest  water  level  to  the  pump  added  to  the  maximum  discharge  pressure  at  the  pump  converted  into  feet. 
76 
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stroke  so  far  as  cylinder  is  concerned,  but  where  lift  is  above  discharge  head  of  pump,  some  makes 
have  a  differential  plunger  which  delivers  half  of  the  water  raised  by  the  cylinder  on  the  down 
stroke.  Other  makes  are  double  acting  with  two  or  more  lifting  rods,  or  one  large  one  that 
raises  water  on  the  down  stroke.  Complicated  deep  well  pumps  should  be  avoided  where 
possible. 

For  heavy  duty,  the  "  A  **  frame  type  of  head  ia  beat.  Theae  pumpa  may  be  operated  by  bdt  or  by  seaza  from 
motor,  or  the  cylinder  rod  may  be  operated  by  a  direct  acting  steam  head,  which  is  very  uneconomical  in  the  use  of 
steam  and  gives  very  poor  service.  Table  24  gives  a  fair  notion  of  the  trade  sixes  of  small  deep  well  pumps  and  what 
they  will  do. 

41.  Rotary  or  Impeller  Pumps. — The  rotary  pump  consists  of  a  series  of  impellers  (helixes) 
on  a  shaft  placed  in  the  well,  extending  from  a  point  below  the  water  to  the  surface  of  the 
ground.  Rotary  pumps  are  used  where  the  water  is  delivered  at  the  surface  of  the  ground, 
as  for  irrigation,  or  into  a  surface  reservoir.  They  are  best  operated  by  a  vertical  shaft  motor  or 
a  cross  belt  from  other  motive  power.  They  are  particularly  adapted  to  use  where  large  quan- 
tities of  water  are  desired  from  relatively  small  and  shallow  wells  where  an  air  lift  or  turbine 
pump  could  not  be  used.  There  is  at  least  one  very  serious  objection  to  their  use  as  well  as  to 
other  deep  well  pumps  of  a  rotary  type,  and  that  is  that  all  of  the  moving  parts  are  below  ground 
where  it  is  difficult  to  get  at  them  for  renewal  or  repair. 

Tablb  25. — Trads  Data  on  Impeller  Pumps 


Sise  of  well  casing 
and  number  of  pump 

Capacity  (gallons  per  minute) 

Maximum  depth 

Price  with 
100  ft.  of  shaft 

Extra  priee 

per  foot  of 

shaft 

Min. 

Max. 

6 

8 

10 

12 

16 

176 

350 

600 

1000 

2000 

400 

850 

1200 

2000 

4000 

80 
100 
110 
120 
130 

.S  580.00 

750.00 

925.00 

1160  00 

1515.00 

V  ■  «   •   ■ 

4.00 
5.00 
6.00 

Table  26. — Trade  Data  on  the  Hill  Trip  Co.'s  Impeller  Pumps 


Well 
(inches) 

Weight  of  head 

without  motor 

(pounds) 

Speed   (r.p.m.) 

Capacity  per 
minute 
(gallons) 

Lift  in  feet 

Horse-power 

Diameter 

discharge 

(inches) 

6 

1800 

1200  to  1600 

200  to    400 

25  to  150 

5  to    40 

6 

^H 

1800 

1200  to  1600 

200  to    400 

25  to  150 

5  to    40 

6 

8 

2500 

1000  to  1400 

400  to    750 

25  to  150 

10  to    65 

8 

BH 

2500 

1000  to  1400 

400  to    750 

25  to  150 

10  to    65 

8 

9« 

2500 

900  to  1200 

700  to  1100 

25  to  150 

15  to    90 

10 

10 

2500 

900  to  1200 

700  t^  1100 

25  to  150 

15  to    90 

10 

12 

3000 

800  to  1000 

1000  to  1500 

25  to  150 

25  to  160 

12 

42.  Air  Lift  Pumps. — ^The  air  lift  pump  is  dependent  for  its  operation  on  the  principle 
that  an  emulsion  of  air  and  water  has  less  specific  gravity  than  water  alone.  The  column  of 
water  outside  the  pump  is  balanced  against  the  column  ot  air  and  water  within  the  pump  in  the 
form  of  an  emulsion.  To  bring  these  conditions  about,  the  pump,  while  in  operation,  must 
extend  into  the  water  a  sufficient  distance  to  produce  the  proper  mixture.  The  water  is  raised 
from  the  well  due  to  the  energy  stored  in  the  compressed  air  and  by  its  ability  to  absorb  heat 
from  the  water.    The  idea  that  the  operation  of  the  air  lift  pump  is  based  on  the  ejector  prin- 
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ciple,  is  erroDeous.     There  are  certain  tenua  used  in  air  lift  pumping 
which  will  be  defined  here  (see  Fig.  4). 

Slatii  lifl — DiiUaiM  io  feet  from  level  of  ntsr  in  veil  to  suifice  of  croutid  —  A>. 

Fianpinf  fi/^— Diataoee  in  feet  from  level  of  wntsr,  nhau  pumpiaf,  to  (uttiiee  of 
crouDd  —  hp. 

Stoiic  mbmrromce — Dutuice  from  lurfftce  of  wfttei  to  aii  inlet  on  pump  before 
pumping  itartii  -  St. 

Pumpirm  wubwurgmtt — Diet«ace  from  ■m^mee  lA  wftter  to  air  inlet  on  pump  durint; 
pumpini  ~  Sp,  UaoaUj  oiprcaeed  aa  a  percentage  of  tbo  total  iencth  of  the  pump  . 
ukd  aliouid  vary  alithtly  with  tlie  lift. 

Droj)  or  loiMriiiD — Bistance  watCT  rtefdw  in  well  due  to  pumiUDg  and  cauied  by 
frietien  in  tbe  well  ItKlf  -  difference  between  elatic  lift  Bud  pumping  lift. 

Tolal  lijt—a  -*,+»-*•  +  (3»  -  AH-  B.     (Head  in  feet) 

Air  pipe — Pipe  iMdinc  compreaaed  air  from  lurface  of  ground  to  air  inlet   of 


Foot  VI 


Air  Pump  Design. — There  are  ao  many  factors  entering  into  the 
operation  of  the  air  lift  pump  that  no  hard  and  fast  rules  can  at  this 
time  be  laid  down  for  its  design,  or  for  its  selection  for  a  given  set  of 
conditions. 

Tablb  27' — Trade  Inforuation  oh  Aib  Ltrr  Pmips 
Sise  and  Capacities  of  Indiana  Air  Pumps 


Siaeofpump 

Minimum  «» 

Marimum  capKity  in  .al- 

■BddiKhUte 

o(  air  line 

lom  per  minute  6*  to 

(Inchea) 

(inchea) 

(inche.) 

1 

2H 

>i 

6-     10 

m 

H 

10-     W 

IH 

m 

H 

20-     30 

1 

M 

2M 

*« 

*i 

5S-     88. 

5M 

120-  IM 

3M 

M 

BSi 

226-  32B 

*H 

■JH 

Z75-  *00 

360-000 

e 

e« 

iH 

UO-IOOO 

7 

lOM 

IM 

7so-iaoo 

liM 

iH 

1000-1600 

e 

13 

10 

" 

1900-2600 

Tablb  28. — SiSE  AND  Capacity  or  Sullivan  Air  Lifts 


SiiediHiharfe 

Diameter  weU  hewl 

Approximate  .hipping 

(inchea) 

(callona  per  minute) 

(incha) 

weight  (pound.) 

IH 

10 

65 
75 

IM 

20 

3 

50 

aw 

135 

3 

100-  150 

IGO 

ISO-  200 

200-  300 

1»6 

iH 

300-360 

■       300 

5 

350-  800 

10 

250 

8 

300 

7 

800-1500 

12 

350 
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Trade  catalogs  give  the  following  information  aa  to  proper  submeig^encc: 
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For  lifts  up  to    50  ft 70  to  06%  Eubmergenee 

50  to  100  ft. 66  to  65  %  submercence 

100  to  200  ft 55  to  50%  submergence 

200  to  300  ft 50  to  43%  submergence 

800  to  400  ft 43  to.40%  submergenoe 

400  to  500  ft 40  to  33%  submergence 

Some  oommercial  authoritieB  state  that  the  area  of 
the  cross  section  of  the  eduction  pipe  should  be  1  sq.  in. 
to  each  12  to  15  gal.  pumped  per  min.  Other  authorities, 
such  as  Ivens,  state  that  the  inlet  velocity  of  the  air  and 
water  should  not  be  greater  than  10  to  12  ft.  per  sec.  at 
the  foot  piece  and  20  to  25  ft.  at  the  point  of  discharge. 
The  size  of  the  air  pipe  can  be  determined  roughly  by 
fixing  the  maximum  velocity  of  the  compressed  air  at 
inlet  at  50  lin.  ft.  per  sec.  (for  capacities  of  pipes  on  this 
basis  see  Table  29). 

The  quantity  of  free  air  (at  atmospheric  pressure) 
per  minute  required  per  gallon  of  water  pumped,  is  given 
approximately  by  the  following  formula: 


F. 


H 


Clog 


iSp  +  34 
34 


(Cu.  ft.  air  per  gal.) 


in  which  Vm  »  cu.  ft.  of  air  per  min.  per  gal.  of  water 
pumped. 

H  and  Sp  are  as  given  above. 

C  —  a  factor  which  varies  as  follows: 


Lift  in  ft. 

10  to    60 

61  to  200 

201  to  500 

501  to  650 

651  to  750 


Value  of  C 

245 
238 

216 
185 
156 


The  value  of  Cfor  ideal  conditions  (100%  efficiency) 
with  no  loss  of  head  in  friction  or  velocity  is  580^  and 
with  this  value  the  above  formula  is  theoretically  correct 
assuming  no  losses.  However,  these  are  partiaUy  cared 
for  in  the  values  of  C  to  be  applied  to  a  given  condition. 

It  has  been  found  in  practice  that  for  ordinary  lifts 
the  submergence  should  be  about  60%  of  the  entire 
length  of  the  pump  when  the  pump  is  in  operation. 
There  is  no  limit  to  the  lift  so  long  as  the  well  is  deep 
enough  to  provide  the  proper  submergence,  andprovidii^ 
the  compressor  has  sufficient  strength  and  power  to  pro- 
duce the  compressed  air  at  the  required  pressure. 

The  pressure  required  to  operate  an  air  lift  pump 
depends  entirely  upon  the  submergence  and  upon  the 
friction  in  air  pipe,  elbows,  valves,  and  foot  piece.  The 
low  efficiency  of  many  air  lift  pumps  is  no  doubt  caused 
by  large  losses  in  air  pipes,  small  openings  in  nozzle  at 
foot  piece,  etc.,  rather  than  in  the  real  act  of  pumping 
the  water. 


S6c2<-43] 


WATER  SUPPLY  DATA  AND  EQUIPMENT 


1205 


Advantages  of  air  lift: 

1.  Any  number  of  wells  and  at  any  distance  apart  may  be  pumped  by  one  power  plant. 

2.  More  water  can  be  secured  from  the  same  wells  than  by  any  other  system. 

3.  Sand  no  obstacle,  except  as  it  may  erode  the  pipe  or  decrease  th^  efficiency. 

4.  Imptrovement  in  the  character  of  the  water,  due  to  aeration,  as  to  purity  and  solubility. 

5.  All  machinery  and  moTing  parts  are  above  (round  where  they  can  be  looked  after.     No  oiling,  no 
breakdowns. 

6.  Reduction  in  temperature,  due  to  abaocption  of  the  heat  in  the  wster  by  the  air. 

7.  Sustained  efficiency. 

Limitations  of  system: 

Quantity  of  water. 

Submergence. 

Vertical  not  hwisontal  discharge. 

There  are  three  principal  systems  in  use,  defined  according  to  the  arrangement  of  piping : 
the  outside  air  pipe,  the  central  air  pipe,  and  the  central  discharge  pipe  system. 

lUnstratiTe  Problem. — A  well  600  ft.  deep,  and  8  in.  in  diameter,  will  supply  250  gal.  per  min.  when  the  pump- 
ing head  is  66  ft.  and  the  drop  16  ft.  It  ia  desired  to  raise  the  water  10  ft.  above  the  surface.  Here  Hp  >  75  ft., 
8  shookl  be  06%  or  112.5  ft.,  and  total  length  of  pump,  187.6  ft  The  starting  pressure  will  be  1 12.6  X  0.434  - 
48.8  lb. 

From  the  above  equation  f<»-  V»  with  C  *  233,  we  have  required  0.61  eu.  ft.  of  air  per  gal.  or  a  total  amount 

required  of  260  X  0.61  -  127.6,  say  130  cu.  ft.  per  min.     The  volume  of  this  air  at  60  lb.  pressure  is  ka  i.  14  7 

—  29.6  cu.  ft.  per  min.  «  0.492  cu.  ft.  per  sec. 

0.492 
Velocity  of  air  in  lyi-in,  air  pipe  >-  qmoa  "  ^  '^  P^  "^'f  ^^uch  is  a  reasonable  velocity. 

To  find  the  siae  of  the  eduction  pipe,  add  29.6  cu.  ft.  of  air  to  88.6  cu.  ft  (260  gal.)  of  water  -  68  cu.  ft. 

1.333 


per  min.  «■  1.833  cu.  ft  per  sec.    At  a  velocity  of  10  ft  per  see.,  the  area  of  pipe  will  equal 


10 


—  0.13d3sq.ft 


B  about  a  6-in.  pipe. 

43.  Power  Pumps. — There  are  many  tjrpes  and  styles  of  power  pumps  on  the  market,  but 
themost  satisfactory  and  efficient  type  for  suction  lifts  is  the  single  acting  triplex  pump.  These 
pumps  are  made  in  almost  all  diameters  and  strokes  from  1  to  12  in. 

Table  30  is  not  trade  data,  but  is  compiled  for  the  sises  given  based  on  the  theoretical  displacement  of  the 
idungers.  In  actual  practice  there  would  be  a  slippage  of  6  to  8  %  which  would  reduce  the  discharge  by  this  amount 
The  efficiency  of  well  designed  standard  makes  is  not  far  from  75%. 


Table  30. — ftncs  and  Capacitibs  of  SfNOLB  AcTiNa   Triplex  Poweb  Pumps. 
BELOW  7  X  10  AT  60  R.  P.  M;  above  tbis  45  R.P.M;  gallons  per  Hour 

IN  Body  of  Table) 
Length  of  stroke 


(Sizes 


Diameter 

8 

4 

4H 

5 

6 

8 

10 

12 

1 

110 

147 

IH 

248 

881 

372 

414 

2 

441 

688 

661 

736 

2H 

017 

1031 

1146 

1226 

3 

1322 

1490 

1663 

1984 

3H 

1800 

2026 

2260 

2700 

4 

2352 

2648 

2940 

3528 

4704 

5,880 

5,286 

4H 

3347 

3766 

4601 

6960 

7,440 

6,700 

5 

4690 

6608 

7344 

9,180 

8,262 

6 

7920 

10,560 

13,200 

11,899 

7 

14,360 

13.600 

16,191 

8 

18,760 

17.620 

21,180. 

0 

22.500 

26,780 

10 

27.680 

33.080 

11 

39,920 

12 

47,620 
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44.  ResidentUl  PiunpiiiK  Plants. — The  type  of  pltuit  to  select  for  residences  will  depend 
largely  upon  the  source  of  water  supply,  and  if  from  a  well,  whether  a  suction  or  deep-well 
pump  will  be  required.  Where  dcctrio  current  is  available,  pumps  are  usually  operated  by 
motor.  A  number  of  manufacturers  are  now  making  standard  equipments  consisting  of  pump, 
motor,  automatic  contioHer,  and  storage  tanks.  These  plants  can  be  controlled  at  any  desired 
{Hressure  between  limits  of  15  to  20  lb.  apart  Where  current  is  not  available,  gasoline  engines, 
wind  mills,  or  hand  pumps  may  be  used.  A  typical  pumping  plant  is  shown  in  Fig.  5.  Tables 
81  and  32  give  trade  data  on  typical  residential  pumping  plants. 


Table  31.- 

-Teadb  Data  of  thb  Pacl  Ttpb 

"G"  Motor  Drivbn  Pump 

s 

^ 

m~^^„ 

? 

s 

1 

1 
If 

f 

(inoh«> 

(inchn) 

IM  T.  motor 

s 

■8 

■s 

1 

h 

s  * 

1 

I 

i 

1 

Ill 

1 

i 

97-K. 

100 

50 

H 

H 

37 

9H 

23H 

100 

(  78.00 

1  86.00 

82-O.M. 

SO 

49 

15 

325 

164.00 

174  00 

83^.M. 

710 

to 

IK 

M»i 

WH 

30  Ji 

386.00 

W-O.M. 

3 

1440 

SO 

IM 

am 

KJi 

34H 

735 

375.00 

385.00 

Tahle  32.— Traiib  Data  o 


PuMPiNo  Unit,  Suction  Typh,  Kkwankb  Privatb 
Utjutibs  Co. 


Number 

PiMon 

1 

s: 
i 

h 

1 

1 

s 

ii 

1 

■5 

ll 

11 

ii 

1    . 

} 

■5 

1 

ll 

II 

A 

8-A 
35-A 
35-D 

3 

3W 

4(i 

50 

6.4 

1000 

eo 

H 
1 
3 

36X30 
24X46 
34X45 

36 
46 

1750 
17B0 

400 
700 
700 

Sec.  2-45] 


WATER  SUPPLY  DATA  AND  EQUIPMENT 


1207 


46.  Centrifugal  or  Turbine  Pumps. — Centrifugal  pumps  are  made  in  all  sizes  and  for  pres- 
sures within  reasonable  limits.  They  are  also  made  with  impellers  to  giv e  almost  Any  charact er- 
istics  of  discharge  and  head  relationship  that  might  be  desired,  and  are  built  in  one  or  more 
stages  according  to  the  head,  speed,  and  ideas  of  the  designer.  They  are  most  efficiently  oper- 
ated by  electric  motor  directly  connected  to  the  shaft  of  the  pump.  The  efficiency  of  these 
pumps  varies  from  45%  for  small  quantities  of  discharge  to  80%  for  large  quantities  of  dis- 
charge against  high  heads. 

Some  of  the  advantages  of  centrifugal  puznpe  are:  low  first  cost,  no  loss  of  energy  in  transmission  of  power 
from  motor  to  pump,  quiet  running,  handles  muddy  or  gritty  water  with  less  wear  than  displacement  pumps, 
needs  little  attention,  and  occupies  less  space  than  other  types  of  pumps. 

Some  of  the  disadvantages  are:  all  air  must  be  expelled  from  the  pump  when  starting,  to  insure  that  it  will 
pump  water;  the  efficiency  for  small  sixes  is  less  than  that  of  plunger  pumps;  and  they  are  possibly  shorter  lived 
than  plunger  pumps. 

46.  Tire  Pumps. — Fire  pumps  may  be  steam,  rotary,  centrifugal,  or  power  pumps,  and  of 
capacities  of  500,  750,  1000.  and  1500  gal.  per  min.  supplying  2,  3, 4,  and  6  fire  streams  of  250  gal. 
each  and  capable  of  giving  a  pressure  of  100  lb.  per  sq.  in.  Size  of  pump  should  be  chosen  to  suit 
the  conditions,  but  before  doing  so,  the  local  authority  of  the  Underwriter's  should  be  consulted. 

47.  Fire  Engines. — ^Standard  fire  engines  have  the  same  capacities  as  Underwriter's  pumps, 
i.e.,  500,  750,  1000,  and  1500  gal.  per  min. 

48.  City  Water  Lifts. — Where  city  water  is  available  for  power  and  it  is  desired  to  pump 
some  other  liquid,  as  cistern  water,  a  "city  water  lift"  or  "water  motor"  may  be  inserted  in  the 
main  supply  line  to  the  fixtures.  Whenever  any  water  is  drawn  by  a  fixture,  a  corresponding 
amount  of  cistern  water  is  raised  by  the  pump.  These  pumps  are  made  in  several  sizes,  but 
for  illustration,  one  was  chosen  that  would  use  240  gal.  per  hr.  of  city  water.  In  Table  33  are 
given  the  number  of  gallons  of  cistern  water  raised  per  hour  to  elevations  given  at  the  top  of  the 
table  by  240  gal.  per  hr.  under  the  pressures  given  in  the  right-hand  column. 

To  find  the  number  of  gallons  raised  to  any  other  height,  divide  factor  at  right-hand  by 
the  desired  height.     Pump  efficiency  =85%. 

lUnstratiTe  Problem. — How  many  gallons  of  cistern  water  will  be  raised  to  elevation  of  80  ft.  by  240  gal. 
of  city  water  under  50  lb.  pressure? 

Under  column  "80  feet."  Table  33,  and  opposite  "  50  lb.,"  read  "  294  gal.  per  hr." 


Table  33. — City  Water  Lifts 
Cistern  water  lift  in  feet 


City 

1 

pressure 

lb.     per 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Factor 

sq.  in.) 

• 

15 

118 

109 

- 

7,081 

20 

131 

121 

112.5 

7,863 

25 

181 

168 

167 

147 

138.5 

131 

124 

117 

11.773 

30 

202 

188 

176.5 

166 

157 

148.5 

141 

14,110 

35 

235 

220 

206 

194 

183 

173.6 

164.7 

16.465 

40 

269 

252 

236 

222 

201 

198.5 

188.7 

18,870 

45 

295 

277 

261 

246 

233 

212.2 

21.216 

50 

313 

294 

276 

261 

247 

234.6 

23.460 

55 

324 

305 

288.5 

273 

259.25 

25.925 

60 

333 

314 

298 

283 

28.306 

49.  Horsepower  Required  to  Raise  Water. — The  actual  power  required  to  raise  water  by 
any  pump  depends  very  largely  upon  the  efficiency  of  the  particular  type  and  make  of  pump 
under  consideration.     Most  triplex  power  pumps  and  some  makes  of  centrifugal  (turbine) 
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pumps  give  an  efficiency  of  75  to  80%.  Single  acting  deep  well  pumps  and  impeller  pumps 
give  an  efficiency  of  35  to  60%.  A  well  designed  air  lift  pump  should  give  an  efficiency  of 
30  to  45%. 

The  theoretical  horsepower  required  to  raise  water  (assuming  no  lasses  in  the  pump)  is  most  easily  computed  by 
the  following  formula: 

^^'  4000  (Horsepower) 

in  which  Q  equals  gal.  per  min.  and  L  equals  lift  in  feet. 

The  actual  horsepower  required  may  be  found  by  dividing  the  theoretical  horsepower  by  the  percentage  of 
efficiency.  Where  power  pumps  are  driven  from  a  line  shaft  by  belt  or  gears,  an  allowance  of  6  to  10  %  additional 
power  should  be  allowed  for  loss  of  transmission. 

60*  Windmills. — From  Table  34  it  will  be  seen  that  the  only  available  winds  are  those 
blowing  with  a  velocity  of  from  8  to  25  mi.  per  hr.,  and  that  a  15-mile  wind  can  be  utilised 
to  best  advantage.  It  is,  therefore,  best  to  "load"  a  windmill  for  a  15-mile  wind.  It  then 
starts  pumping  in  an  8-mile  wind,  does  excellent  work  in  a  l&-mile  wind,  and  reaches  the 
maximum  results  in  a  25-mile  wind. 

Table  34. — ^Velocity  and  Action  of  Winds 


Velocity  per  hour 
(miles) 

1 

Pressure  per 

square  foot 

(pounds  > 

Description  of  wind 

Action  of  wind  and 
windmills 

3 

0.045 

Just  perceptible 

Windmill  will  not  run. 

6 

0.125 

Pleasant  wind 

Might  start  if  lightly  loaded. 

8 

0.33 

Fresh  breese 

Will  start  pumping. 

10 

0.5 

Average  wind 

Pumps  nicely  if  properly  loaded. 

15 

1.125 

Good  working 

Does  excellent  work. 

20 

2.0 

Strong  wind 

Qives  best  service. 

25 

3.125 

Very  strong  wind 

Maximum  results  secured. 

30 

4.5 

Gale 

Should  be  furled  out  of  wind. 

40 

8.0 

Storm 

/  Well     constructed     milb   and 

50 

12.5 

Severe  storm 

\  towers  safe  if  properly  erected. 

60 

18.0 

Violent  storm 

Buildings,    trees    etc..   might  be 
injured. 

80 

32.0 

Hurricane 

Buildings,   trees,   etc.,    would  be 
injured. 

100 

50.0 

Tornado 

Ruin. 

Table  35. — Trade  Data  on  Wind  Mills 


'S? 

Actual  useful 
horsepower 

25-ft.  head 

50-ft.  head 

75-ft.  head 

100-ft.  head 

i25-ft. 

150-ft. 

200-ft 

1^ 

it 

• 

a 

• 

a 

Pi 

head 

head 

head 

C 

S 

s 

3 

C 

S 

s 

C 

3 

s 

0 

C 

S 

C 

S 

S 
^ 

li 

C 

S 

s 

o 

C 

s 

• 
c 
o 

o 

c 

o 

o 

O 

o 

o 

S]i 

0.08 

35 

3>i 

4 

300 

2yi 

4 

150 

10 

0.12 

35 

sy* 

8 

790 

3 

7 

440 

2H 

5 

270 

2H 

5 

180 

2 

5 

150 

2 

A 

120 

IH 

A 

9( 

12 

0.25 

30 

5H 

8 

1620 

4 

8 

792 

m 

8 

518 

2H 

8 

370 

2H 

6 

310 

2H 

8 

250 

2 

8 

195 

14 

0.40 

28 

5 

lOD 

2820 

4 

SD 

145Q 

4H 

8 

825 

3^ 

8 

650 

3H 

8 

550 

Wa 

8 

480 

2H 

8 

85( 

16 

0.55 

25 

6 

lOD 

3670 

4 

lOD 

1620 

AH 

10 

1255 

4H 

8 

825 

4 

8 

660 

3U 

8 

570 

3K 

8 

43( 

18 

0.75 

22 

8 

SD 

4590 

5 

UD 

2580 

5H 

U 

1600 

HH 

8 

1200 

AH 

8 

810 

4H 

8 

660 

BH 

a 

50C 

20 

1.00 

20 

8 

12D 

6264 

5 

IAD 

2850 

4 

14i> 

1825 

^H 

12 

1600 

AH 

14 

1280 

4K 

14 

laso 

3^ 

14 

S5i 

22  Vi 

1.10 

18 

8 

UD 

65006 

12D 

3200 

5 

12D 

2200 

5 

10i> 

1800 

W 

12 

1440 

4« 

1^ 

HM 

PH 

44 

92r 

25 

1.25 

16  10 

12D 

7800  S 

12D 

3810 

6 

12i> 

2800 

5 

14D 

2000 

5H 

15 

1610 

5« 

12 

1300 

iHlA 

103f 

C  "  Inside  diameter  of  cylinder. 
Gallons  •■  Gallons  pumped  per  hour. 


S  "  Length  of  stroke  in  inches. 
D  *  Double  acting  pump. 
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Table  35  ia  not  designed  to  ehow  what  windmills  can  do  in  extremely  favorable  cases  in  high  winds,  but  it  shows 
what  windmills  actually  do  under  average  conditions  when  properly  loaded.  It  is  based  on  a  wind  velocity  of 
15  mi  per  hr..  and  shows  the  number  of  strokes  per  minute  made  by  a  properly  loaded  windmill  in  such  a  wind,  and 
the  useful  horsepower  developed  as  measured  by  the  work  performed  in  pumping  and  overcoming  the  friction  in 
pump  and  pipe.  The  tendency  is  to  overload  windmills,  and  this  should  be  avoided  by  all  means.  A  lightly 
loaded  windmill  pumps  more  water  in  a  3rear  than  one  that  is  overloaded. 

A  large  capacity  cannot  be  secured  by  using  a  large  cylinder  unless  a  large  windmill  is  used  to  operate  it. 
Do  not  make  the  mistake  of  using  a  cylinder  larger  in  diameter  than  shown  in  table. 

The  amount  of  water  pumped  will  vary  about  as  the  square  of  the  velocity  of  the  wind  between  ressonable 
limits. 

Table  36.-— Suction  Lift  at  Different  Altitudes 


Elevation  above 

Atmospheric  pressure 

Practical  limit 

sea  level  in  feet 

in  feet  of  water 

of  suction 

0000 

83.0 

25.43 

1000 

32.6 

24.45 

2000 

31.4 

23.55 

3000 

30.2 

22.68 

4000 

29.1 

21.82 

5000 

28.0 

21.02 

6000 

27.0 

20.26 

7000 

26.0 

19.50 

8000 

25.0 

18.26 

STORAGE  OF  WATER 

51.  Wooden  Tanks. — Wooden  tanks  cost  only  about  half  as  much  as  steel  tanks  in  the 
smaller  sizes,  and  especially  so  where  no  tower  is  required.  Some  of  the  advantages  of  wooden 
tanks  over  steel  tanks  are: 

(1)  Steel  tanks  require  skilled  boiler  makers  to  erect,  thus  adding  materially  to  the  cost  when  at  a  distance  from 
the  boiler  shop. 

(2)  Wooden  tanks  are  more  readily  protected  from  freexing. 

(3)  They  do  not  sweat  so  much  in  a  building  as  do  steel  tanks. 

(4)  They  will  not  deteriorate  as  rapidly  as  a  steel  tank  if  neglected. 

Table  37. — Sizes  and  Capacitibs  of  Wooden  Tanks  fob  Fire  Protection 

A.  F.  Mut.  F.  I.     Co.  Inspection  Dept. 


Approximate 

net  capacity 

(gallons) 

Sise 
(Outside  dimensions) 

Thickness  of  lumber 
after  being  planed 

Hoops  ' 

Approximate 

price  with 

roof 

Average 
diameter 

Length  of 
stave  (feet) 

Staves 
(inches) 

Bottom 
(inches) 

Number 

Sise 
(inches) 

15,000 
20.000 

25.000 

30.000 

40.000 

50.000 

60.000 

75.000 

14  ft.  6  in. 

15  ft.  6  in. 

17  ft.  6  in. 

18  ft.  0  in. 
10  ft.  6  in. 
22  ft.  0  in. 
24  ft.  0  in. 
24  ft.  6  in. 

14 
16 

16 

18 

20 

20 

20 

24 

2^ 
2>4 

2H 

2H 

2H 

2H 

2K 

2H 

2H 
2H 

2H 

2H 

2H 

2H 

14 

/    * 

1  11 

/    * 

\l2 

f    4 
\l6 
fll 
)  13 
/    4 
1  19 
/    4 
122 

/    ^ 

124 

H 
H 

H 
H 
H 
M 
H 
H 
1 

1 

1 
1 
IH 

$407.00 
500.00 

572.00 

654.00 

822. Oo' 

025'.  00 
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Table  38.— Thade  Data  of  Shall  Wooden  Storaok  Tanks 


LtDSbt 

Dlttmeter 

Nu»l™ 

AppnudnuM 

um 

UEt 

Appioii' 

Lkt 

of 

of 

Cp«ily 

wt.  8*L  pine 

priM 

pri« 

inuts     wt. 

[ir>« 

■tava 

boltom 

hoop* 

(I^OD.) 

«1M-In. 

2-(n. 

IM-in. 

2-io. 

S-in. 

(tert) 

{I«t) 

pi=. 

oypn- 

«yp«. 

WP«- 

117 

180 

112. BO 

»14.00 

220 

SIS.OO 

4fl0 

27.00 

30, SO 

30. SO 

IflS 

le.zo 

17.  SO 

280 

81.00 

784 

seo 

39.00 

53.00 

290 

20.00 

21  60 

20,00 

1710 

S3.M 

es.oo 

IISO 

88,00 

408 

360 

as. 00 

73.M 

80.00 

1886 

102.00 

543 

20. SO 

MS 

30,00 

38ie 

1700 

100  00 



138,00 

SS.OO 

39.00 

774 

48,00 

12 

4820 

2126 

2SS0 

157.00 

870 

7S0 

41,00 

900 

S4,S0 

12 

132.00 

29SS 

180.00 

IZ 

J  270 

1200 

71.00 

" 

12 

12 

lOSM 

8200 

181.00 

3840 

238.00 

The  life  of  a  wooden  tank  la  from  12  to  30  yr.  (usually  15)icypreaB  tanke  often  kat  from  20 
o2Syr. 

Speeifieationt  for  Wooden  Tankt. — The  following  are  extracts  from  the  Ass'n  Fact.  Mut. 
Fire  Ins.  Co. 'a  Inspection  Department  Specifications: 

(1)  Lumber, — (a)  White  o«d»r.  oypreH,  white  ud  red  pine,  Douclo*  or  Wuh- 
iDBton  flr  (OrecotJ  pine),  firitiih  ColumbiA  Fir  or  redwood  muet  be  lued.  Lumbvr 
mint  be  free  from  lot,  »p.  looae  or  unaound  knoH,  worm  holo  knd  tfamkea,  mod 
raiut  be  thoroughly  air-driad. 

(3)  SUvM  Kiid  Bottom, — (a)  Pitnln  for  atkna  and  bottom  must  be  [duHd  on 
both  (ids  with  the  outer  suifaoe  ot  lUve*  oumd  to  the  rmdiui  ol  the  tuik, 

W  Tbe  lumber  muiC  be  Hi  iu.  drfHOd  to  about  2K  in,  for  tank*  not  exceed- 
ing 16  ft,  dismeUr  or  18  (t,  deep,  nnd  3  in,  drtHed  to  nbout  lH  in,  for  lut«  tank*. 


(d]  The  «l«n  of  bUv«  and  b 

(3)  Hoope, — (a)  Tbe  hoope  m 

H  io.  in  diameter.     Not  d 


wn 


>olw 


It  be  of  equal  lencth  and  a 


ehop  to  the  radiua  at 


wtoiwht 

A-iO  of  the  AmeHnaa  Sooiety  for  Tating  M 

(c)  Hoopa  muat  be  cut  to  proper  lencth 
the  tank.     The  aectioiu  of  a  hoop  muat 
faatened  tofctiier  Cor  Bhipmeat, 

<d)  The  end*  of  the  hoop  Metiona  muat  b*  counected  by  malleable  iron  luca  and 
their  Btrensth  muat  tw  not  leii  than  that  of  the  hoop*.  The  hoop*  murt  be  k 
located  on  the  tank  that  the  luga  come  in  uniform  epiral  lliiea- 

SS.  Steel  Tanks  and  Towers. — The  design  of  steel  tanks  and 
towera  has  become  nearly  standard  with  a  number  of  manufacturei^ 
who  make  a  specialty  of  their  construction.  Any  of  theee  finna  will 
build  them  according  to  an  engineer's  apecificatione  at  an  increased 
cost.     Tanks  with  either  hembpherical  or  elliptical  bottoms  can  be 

P.O,  8,  h^. 

El*nt«d  (tael  tanks  are  almoat  never  built  with  Bat  bottoms,  aupported  on  I-beams  criUace,~aB  is  atandard 
r  wooden  tanks.  The  specifir^tiona  given  in  Table  30  are  fairly  repreaenUtive  of  tank  practice.  The  aide  of-lhe 
uaie  enelosinc  the  base  of  the  tega  is  equal  to  0.7tZ>  +  0,182  (T  +  £)  (see  Fig,  6).  Tbe  eoat  of  these  tanks  and 
Iters  is  about  6  to  ee,  per  lb.  of  steel  erected. 

The  riser  pipe  is  enclosed  in  a  frost  proof  three-ply  oireular  box  of  wooden  itavea  and  layers  of  building  p«per. 
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Table  39. — Sizes  and  Capacitie8  of  Steel  Tanks 


' 

Hemispherical  bottom 

Capacity 
(thouaand  gallona) 

. 

D 

H 

K 

5 

8'-0" 

12'-0" 

16'-0" 

10 

lO'-O" 

14'-0" 

i9'-0" 

15 

12'-0" 

14'-0" 

20'-0" 

20 

12'-0" 

17'-3" 

23'-7" 

25 

14'-1" 

17'-3" 

24'-3" 

30 

15'-3" 

17'-3" 

24'-10" 

85 

16'-4" 

17'-3" 

25'-6" 

40 

17'-4" 

17'-3" 

25'-ll" 

46 

18'-3" 

17'-3" 

26'-4" 

50 

19'-0" 

17'-6" 

27'-0" 

60 

19'-0" 

22'-3" 

31'-9" 

05 

20'-0" 

21'-3" 

31'-3" 

70 

21'-0" 

20'-3" 

SC-O" 

76 

22'-0" 

19'-4" 

30'-4" 

80 

22'-0" 

21'-1" 

[32'-!" 

90 

22'-0" 

24'-6" 

36'-6" 

100 

22'-0" 

28'-0" 

39'-0" 

120 

24'-0" 

28'-0" 

40'-0" 

125 

24'-0" 

29'-0" 

41-0" 

150 

26'-0" 

29'-3" 

42'-3" 

175 

26'-0"    . 

35'-0" 

48'-0" 

200 

28'-0" 

35'-0" 

49'-0" 

250 

30'-0" 

37'-0" 

.     52'-0" 

300 

32'-0" 

40'-0" 

56'-0" 

400 

35'-0" 

44'-0" 

61'-6" 

500 

38'-0" 

46'-6" 

66'-6" 

68.  Concrete  Tanks  and  Reservoirs. — Reinforced  concrete  is  cheaper  for  tanks  than 
sheet  steel  and  more  durable  than  either  steiel  or  wood.  It  is  particularly  adapted  for  reservoirs 
where  they  are  all  or  partly  underground.  Concrete  is  especially  adapted  in  industrial  work 
where  the  tank  is  to  contain  liquors  and  acid  solutions. 

Square  tanks  are  most  economical  of  space  (as  within  a  building  or  enclosures),  and  in 
some  cases  in  use  of  lumber  for  forms,  but  from  the  standpoint  of  greatest  capacity  for  least 
concrete,  the  circular  type  is  the  most  economical.  Square  or  rectangular  reservoirs  of  large 
size  involve  high  tensile  and  compressive  stresses  such  as  would  occur  in  a  retaining  wall  or 
dam.  The  circular  type  is  partially  self-sustaining  so  far  as  external  pressuret  are  concerned 
and  the  stresses  that  do  occur  are  simpler  and  more  easily  calculated. 

One  of  the  greateat  difficultiea  with  concrete  tanks  ia  to  make  them  water-tight.  A  rich  mixture  with  relatively 
small  aggresate  and  thin  enough  to  flow  readily  in  continuous  work  makes  the  best  tanks.  The  interior  surface 
of  the  walls  should  be  waterproofed  also  by  plastering  with  cement  wash  or  by  some  waterproof  compound  or 
fabrie.  For  light  pressures,  H-in.  1 : 1  plaster  and  two  coats  of  cement  wash  (water  and  neat  cement)  will  be 
about  as  effectiye  as  any  other  method  of  waterproofing.  'Except  for  very  small  tanks  of  dimensions  less  than 
15  ft.,  the  side  walls  should  be  10  to  12  in.  thick.  Where  covers  are  desired  or  necessary,  the  flat  slab  type  sup- 
ported on  poets  is  the  moat  economical  and  readily  constructed. 


64.  Cisterns. — A  cistern  for  the  storage  of  rainwater,  5  ft.  in  diameter  by  7  ft.  deep, 
capacity  1024  gal.,  will  be  large  enough  for  a  family  of  10  people  if  located  in  a  climate  where 
the  annual  rainfall  is  about  30  in.  and  well  distributed.  Larger  buildings  should  have  cisterns 
of  about  100  gal.  capacity  to  each  person,  which,  for  convenience,  may  be  divided  into  two  or 
more  cisterns. 
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Table  40. — Capacitiss  of  Tankb  ok  CitiTBBNs  in 

GALIiONS 

Diameter   (inches) 

Length  or  depth 

(feet) 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

2 

26 

47 

73 

105 

144 

188 

238 

204 

356 

424 

2H 

33 

59 

90 

131 

180 

235 

298 

367 

445 

530 

3 

40 

71 

109 

157 

216 

282 

357 

440 

534 

636 

3>i 

47 

83 

127 

183 

252 

329 

416 

513 

623 

742 

4 

54 

95 

145 

209 

288 

376 

475 

586 

712 

848 

4H 

61 

107 

163 

235 

324 

423 

534 

659 

801 

054 

5 

68 

119 

180 

261, 

360 

470 

593 

732 

800 

1060 

6>i 

75 

131 

200 

287 

396 

517 

652 

805 

970 

1166 

6 

82 

143 

217 

313 

432 

564 

711 

878 

1068 

1272 

6>{i 

89 

155 

235 

339 

468 

611 

770 

951 

1157 

1378 

7 

06 

167 

253 

365 

504 

658 

829 

1024 

1246 

1484 

7H 

103 

179 

271 

391 

540 

705 

888 

1097 

1835 

1500 

8 

110 

191 

289 

417 

576 

762 

947 

1170 

1424 

1006 

8H 

>» 

203 

307 

443 

612 

799 

1006 

1243 

1513 

1802 

10 

239 

361 

621 

720 

940 

1183 

1462 

1780 

2120 

12 

287 

433 

625 

864 

1128 

1419 

1754 

2136 

2544 

14 

1008 

1316 

1655 

2046 

2402 

2068 

16 

1152 

1504 

1891 

2338 

2848 

3302 

18 

2127 

2630 

3204 

3816 

20 

1 

2363 

2022 

8560 

4240 

66.  Pneumatic  Tanks. — Pneumatic  tanks  are  always  made  of  steel  or  wrought  iron  as  they 
must  be  absolu  tely  air  tight.  Tanks  are  usually  made  especially  for  this  purpose,  but  there  is  no 
good  reason  why  any  tight  tank  or  boiler  could  not  be  used  for  the  purpose  if  sufficiently  strong 
to  stand  the  pressure. 

Tablb  41. — Tradb  Data  on  Pneumatic  Tanks 


Diameter 
(inches) 

Length 

(feet) 

Thickness 

Approz. 

shipping 

weight 

(pounds) 

Total 
capacity 
(gallons) 

Working 
capacity 
(gallons) 

List  price 
black 

Shell 
(inches) 

Conyez 

head 
(inches) 

Concavo 

head 
(inches) 

24 
24 
30 
30 
36 
36 
42 
42 
48 
48 
60 
60 
72 
72 

5 
10 

5 
12 

5 
14 

8 
16 
10 
24 
12 
40 
22 
40 

Ms 
Ms 
Hs 
Hs 
Hs 

>i 
H 
H 

hi 

Hi 

Hi 

yi 

H 

H 

H 

He 

He 

He 

Ms 

H 
H 
Hs 
Hs 

H 

H 

Ms 

Ms 

H 

H 

Ms 

Ke 

Ms 

Me 

H 

H 

Ms  . 

Me 

375 

645 

500 

060 

653 

1365 

1425 

2350 

1000 

4000 

3000 

8400 

4140 

10720 

120 

235 

180 

440 

265 

740 

575 

1150 

1000 

2260 

1760 

5875 

2535 

8460 

80 

156H 

120 

203M 

176H 

403H 

383H 

766M 

666H 

1506H 
1168M 

3240H 

1600 

5640 

t  81.00 

45.(0 

87.00 

67.00 

48.00 

87.00 

76.00 

135.00 

124.00 

227.00 

203.00 

517.00 

262.00 

642.00 

Formulas  and  lUiuitrative  Problems  for  Pneumatic  Tanks. — ^To  find  the  pressure  in  a  pneu- 
matic tank  when  supplied  with  initial  air  pressure  and  then  filled  to  any  portion  with  water: 

«        P-  +  Pi 


hOO-F 


-Pa 


(lb.  per  sq.  in.) 
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ninstrative  Psroblwn. — A  tank  has  baen  filled  with  air  to  an  initial  air  preasure  of  10  lb.  and  is  then  filled  one- 
fourth  with  water.     What  is  the  air  preflsiure  on  the  tank?     Here  Pt  -  10  lb.,  F  -  0.25,  1.00  -  F  «  0.75. 

15  +  10 


0.76 


—  16  -  18.33  lb.  per  sq.  in.  -  Pd 


Given  a  tank  partly  filled  with  water  under  pressure  to  find  the  remaining  pressure  when 
a  given  volume  of  watei^  is  drawn : 

Po  =»      (1  00  -L /  -  F) ^      ^'  ^^*  ^^'' 

niuatratiTe  Problem. — A  tank  is  three-fourtha  filled  with  water  under  45  lb.  air  pressure.     What  is  the  re- 
maininc  iwesaure  when  one-fourth  the  volume  of  the  tank  is  drawn?     P  »  45  lb.,  F  »  0.75,  /  —  0.25. 

(1.00  -0.75) (45+  15) 


P. 


—  15  <«  15  lb.  per  sq.  in. 


1.00  +0.25  -  0.75 

Given  a  tank  partly  filled  with  water  under  a  given  pressure  to  find  the  volume  of  water 
that  may  be  drawn  for  a  given  drop  in  pressure. 

.     P,  (1.00-F)  ,  ^   t     ^       ^ 

f  — p   t  p 5r  (percent  of  volume) 

lUaatratiTe  Problem. — A  tank  three-fourths  filled  with  water  is  under  a  pressure  of  45  lb.  What  percentage 
of  water  may  be  drawn  for  a  drop  in  pressure  ol  30  Ib.T    P  =»  45  lb..  Pi  ~  30  lb. 

.       30(1.00  -  0.75)      7^      ,.„ 
^"45  +  16-80         30       ^"^ 

The  above  formulas  and  illustrative  problems  are  general  and  apply  to  any  tank  filled  to 
any  percent  of  its  volume,  whereas  the  following  illustrative  problems  apply  to  tanks  )i  full 
of  water. 

IllnstratiTe  Pvoblem. — A  fiSO-gal.  tank,  86  in.  X  13  ft.,  is  H  full  of  water  under  a  pressure  of  60  lb.  How  much 
water  can  be  drawn  lowering  pressure  to  20  lb.  f 

Between  60  and  20  lb.,  Table  42  gives  38  %.     Therefore,  0.38  X  630  -  239  gal.  can  be  drawn. 

ninatratiTe  Problem. — What  sise  tank  must  be  used  to  deliver  600  gal.  of  water  from  storage  when  H  full, 
under  80  lb.  pressure,  if  lowest  water  pressure  must  be  SO  lb.  ? 

Between  80  and  30  lb.,  Table  42  gives  37%.  Tank  must  therefore  be  500  +  0.37  -  1350  gal.  capacity,  or 
about  48  in.  X  14  ft. 

niiwtnitive  Pvoblmn. — A  720-gal.  tank  42-in.  X  10  ft.  is  H  full  of  water  under  a  pressure  of  50  lb.  What  is  the 
water  pressure  after  150  gal.  have  been  drawn? 

150  gal.  a  21  %  of  tank  capacity.  Corresponding  to  50  lb.  initial  pressure  and  21  %  working  capacity.  Table  42 
sives  final  water  pressure  of  25  lb. 

Note:  If  tank  is  only  one-half  full  of  water,  working  capacity  is  increased  60%. 

Notation  for  FormuUis  for  Pneumatic  Tanks    " 

P«  «  atmospheric  pressure  of  air  in  lb.  per  sq.  in.,  usually  taken  at  15  lb. 

Pi  B  initial  air  pressure  in  lb.  per  sq.  in.  above  Pa,  put  in  tank  before  water  enters. 

Pd  =  desired  pressure  after  tank  is  filled  with  air  to  P<  lb.,  then  partly  filled  with  water. 

P    «  air  pressure  in  tank  before  water  is  drawn. 

Table  42. — Working  Capacity  of  Pneumatic  Tanks  in  Percentage  of  Full  Volume 

WHEN  TwO-^rHIROS  FULL  OF  WaTER.      BETWEEN  INITIAL  AND  FiNAL  PRESSURES  INDICATED 


Final 

Initial  pressure — pounds 

gage 

pressure, 

pounds 

sage 

30 

10 

20 

40 

50 

60 

70 

80 

90 

100 

5 

8 

25 

41 

58 

10 

0 

13 

26 

40 

53 

66 

15 

5 

16 

28 

39 

50 

61 

20 

0 

9 

19 

29 

38 

48 

57 

25 

6 

12 

21 

29 

37 

46 

54 

62 

30 

0 

7 

15 

22 

30 

37 

44 

52 

85 

3 

10 

17 

23 

30 

37 

43 

40 

0 

6 

12 

18 

24 

30 

36 

45 

3 

8 

14 

19 

25 

30 

50 

1 

0 

5 

10 

15 

20 

25 
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Table    43. — Showing    Pressure    in    Pneumatic    Tanks    when   Filled  with   Various 

Quantities  of  Water 


Amount  of  water 
pumped  into  tank 

Presaure 

(pound  per  square  inch) 

no  initial  presaure 

PreflBure 
(pound  per  square  ini^) 
with  10  lb.  initial  air  pressure 

Vi  full  of  water 

5 

10 
16 
22 
29 
45 

18 
26 
34 
47 
68 
83 

H  full  of  water 

W  full  of  water 

fii  full  of  water 

^  full  of  water 

^  full  of  water 

Po  ^  air  pressure  in  tank  after  water  is  drawn. 

Pi  —  loss  in  pressure  due  to  drawing  any  percent  of  volume  of  tank. 

F    =  portion  of  volume  of  tank  filled  with  water. 

/    =  amount  of  water  drawn  from  tank  in  percent  of  its  volume. 

56.  Heat  Required  to  Ftee  Tanks  from  Ice. — It  requires  from  2}4  to  3  heat  units  per 
square  foot  of  exposed  surface  per  degree  difference  in  temperature  per  hour  to  keep  an 
exposed  steel  tank  free  from  ice. 

niustratiTe  Problem. — ^What  ia  the  total  quantity  of  heat  required  to  free  a  tank  10  ft.  high  by  20  ft.  in  di- 
ameter for  24  hr.  from  ice,  when  the  temperature  of  air  ia  10  deg.  F. 

2r20s 
Surface  of  tank  -       ^      +  (t20)(10)  -  1256.6  sq.  ft. 

Heat  units  -  3(32  +  10)(24)(1256.6)  »  3.799.958.  At  9000  heat  units  per  pound  of  ooal  it  would 
require  3.799,958  -^  9000  «  422.2  lb.  of  coal. 

It  is  thus  seen  that  it  is  not  at  all  economical  to  attempt  to  keep  large  tanks  from  freesing  by  heating.  It  is 
more  economical  to  protect  them  either  by  housing,  or  by  circulating  water  of  a  higher  temperature  than  that  from  a 
well,  than  it  is  to  let  the  tank  stand  full  exposed  to  the  cold  and  attempt  to  heat  it. 

If  the  above  tank  were  filled  with  water  each  24  hr.  at  a  temperatiire  of  44  deg.  F.,  the  amount  of  heat  energy 
brought  to  the  tank  by  the  water  would  be  equal  to  23,500  (gallons^  X  8H  X  12  -  2,350,000  heat  units,  or  slightly 
over  H  that  required  to  heat  the  tank  if  allowed  to  stand  full  of  water  without  changing  daily.  Where  the  tank  is 
supported  on  an  inclosed  structure  and  the  top  weatherproofed  with  deck  floor  and  roof,  the  ezpoaed  surface  is 
naturally  out  down  and  therefore  leas  heat  is  required.  Elevated  steel  tanks  usually  freese  first  at  the  oonnectioxi 
with  the  riser  pipe. 


PIPES  AND  FITTINGS 

57.  Cast-iron  Pipe. — Cast-iron  pipe  is  now  manufactured  in  standard  diameters  and  weigh ts, 
as  class  **A/'  "B, "  and  "C, "  Table  44.    These  are  in  accord  with  the  standard  specifications 

Tabus  44. — Dimensions  and  Weights  of  American  Waterwobks  Standard  Cast^ 

IRON  Pipe 


Class  "A"  100-ft.  head 
43-lb.  pressure 

Class  "B"  200-ft.  head 
86-lb.  pressure 

Class  "C"300-ft.  head 
130-lb.  pressure 

Nominal  in- 
side diameter 
(inches) 

Thickness 
(inches) 

Weight  per 

Thickness 
(inches) 

Weight  per 

Thickness 
(inches) 

Weichtper 

Foot 
(pounds) 

Length 
(pounds) 

Foot 
(pounds) 

Length 
(pounds) 

Foot 
(pounds) 

Length 
(pounds) 

4 

6 

8 

10 

12 

0.42 
0.44 
0.46 
0.50 
0.54 

20.0 
30.8 
42.9 
57.1 
72.5 

240 
370 
515 
685 
870 

0.45     • 

0.48 

0.51 

0.57 

0.62 

21.7 
33.3 
47.6 
63.8 
82.1 

260 
400 
570 
765 
985 

0.48 
0.51 
0.56 
0.62 
0.68 

23.3 
35.8 
52.1 
70.8 
91.7 

280 
430 
625 
850 
1100 
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of  the  American  Waterworks  Association.    In  specifying  cast-iron  pipe  it  will  only  be  necessary 
to  state  size  and  class  desired. 

68.  Wrought-iron  Pipe. — Wrought-iron  pipe,  unless  otherwise  specified,  will  be  ''Mer- 
chant" steel  pipe,  black.  If  strictly  wrought-iron  pipe  is  desired,  specify  strictly  wrotighU-iron 
pipe  or  "Buyers'*  wrought-iron  pipe. 

Merchant  pipe  is  much  harder  to  out  or  thread  and  is  much  shorter  lived  than  strictly  wrought-iron  pipe.  On 
the  other  hand,  the  latter  is  much  higher  in  price  and  more  difficult  to  obtain. 

The  steel  pipe  is  about  2  %  heavier  than  wrought-iron  pipe  for  the  same  thickness.  Both  qualities  of  pipe  are 
manufactured  in  ttandar   and  9Xtra  heavy  xoeighU. 

Table  45. — Dimensions  and  Weights  of  Stanbabd  Wbought-iron  Pipe  and  Coupunos 


Standard  wrought-iron  pipe 

Couplings 

Sise 

Weight  per  foot 
(pounds) 

Thickness 
(inches) 

Diameter 

Length 

Weight 

H 
1 

IM 
2 

3 

3H 

4 

4H 
5 
6 
7 
8 
0 
10 

0.84 

1.67 

2.68 

3.61 

6.74 

7.64 

9.00 

10.66 

12.34 

14.60 

18.76 

23.27 

28.18 

33.70 

40.06 

0.100 
0.133 
0.146 
0.164 
0.203 
0.216 
0.226 
0.237 
0.246 
0.260 
0.280 
0.301 
0.322 
0.364 
0.366 

• 

H 

1 

2 

2H 
3 

3>i 

4 

6 
6 
7 
8 
9 
10 

Ws 

2^ 
2H 
3H 
3H 
3H 

4H 
4H 

4H 
4H 

6H 

6H 

0.124 

0.466 

0.800 

1.260 

1.767 

2.626 

4.000 

4.126 

4.876 

8.437 

10.626 

11.270 

15.150 

17.820 

27.700 

69.  Wood  Stare  Pipe. — Wood  stave  pipe  is  made  in  two  ways— continuous  stave  pipe 
made  in  the  trench,  and  machine  banded  pipe,  factory  made.  Continuous  stave  pipe  is  used 
almost  exclusively  in  the  Western  States  where  the  climatic  conditions  are  suitable  and  where 


Table  46. — Trade  Data  on  Machine  Banded  Wood  Stave  Pipe 


Stse  of  pipe 

Weight  per 
linear  foot 

Number  of 

feet  in 

carload 

Men  required 

to  lay 

pipe 

Number  of 

feet  can  be 

laid  in  10 

hours 

Wood  stave 
pipe 

Cast  iron 

Comparative  cost  of  laying 

pipe  per  foot  not  including 

trenching  and  back  filling 

6 
8 
10 
12 
14 
16 
18 
20 
24 
30 
36 
48 

11.6 
14.6 
18.6 
20.8 
26.5 
28.6 
31.7 
36.5 
46.6 
67.3 
76.8 
103.0 

2600 

2100 

1700 

1600 

1200 

1000 

860 

660 

600 

300 

200 

160 

G 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 

2600 
2600 
2000 
2000 
2000 
1500 
1600 
1000 
1000 
1000 
800 
600 

0.01 
0.02 
0.03 
0.03 
0.04 
0.04 
0.04 
0.06 
0.06 
0.07 
0.08 
0.10 

0.14 
0.17 
0.20 
0.23 
0.26 
0.36 
0.40 
0.60 
0.62 
0.76 
1.06 
1.20 
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suitable  timber  may  be  had.  This  pipe  in  several  instances  has  proven  a  failure  due  to  soil 
conditions,  character  of  wood,  workmanship,  etc.;  therefore,  before  it  is  used,  a  careful  investi- 
gation should  be  made  to  determine  if  it  will  prove  satisfactory.  Machine  banded  wood  stave 
pipe  is  made  in  lengths  up  to  12  ft.,  staves  being  machined  on  the  sides  to  correct  bevel  to  suit 
size.  These  -staves  are  also  provided  with  double  tongues  and  grooves,  and  the  outside  is 
formed  to  diameter  of  pipe.  The  staves  are  held  in  place  by  galvanized  steel  bands  or  wire 
spirally  wound  from  end  to  end.  The  outside  of  the  pipe  and  steel  bands  are  protected  by  a 
double  coat  of  asphaltum  and  sawdust. 

Tablb  47. — Weight  per  Foot  of  Lead  Service  Pipe  in  Pounds  and  Ounces 

Extra  strong 

8ise  of  Pipe  in  Inches 


H 

H 

?8 

H 

1 

m 

IH 

2 

2H 

3 

3H 

4 

2-0 

2-8 

3-0 

3-8 

4-12 

(M) 

7-8 

9-0. 

14-0 

16-0 

18-0 

21-0 

The  joints  are  made  on  the  mortise  and  tenon  principle,  and  are  driven  together  by  heavy  ram  or  hammor 
while  in  the  trench.  This  pipe  does  not  have  to  be  laid  perfectly  straight,  but  can  be  slightly  curved  in  any  direc- 
tion. Connections  can  be  made  to  it  by  cast-iron  fittings  with  hubs  turned  to  fit  the  spigot  of  the  wood  stave  pipe. 
The  carrying  capacity  of  this  pipe  is  about  14  %  greater  than  cast-iron  pipe. 

Wood  stave  pipe  gives  good  satisfaction  where  first-class  materials  and  workmanship  are  had,  but  it  should 
not  be  used  where  it  will  not  always  be  kept  wet;  where  frost  will  heave  it  continuously;  or  where  there  is  con- 
siderable air  entrained  with  the  water.  It  is  made  to  stand  pressures  up  to  100  lb.  per  sq.  in.  if  satisfactorily 
machine  banded. 

60.  Cost  of  Lajring  Pipe. — The  data  in  Tables  48  and  49  were  compiled  from  table  given  in 
Engineeri/ig  and  Contracting^  Vol.  51,  pp.  37  and  38.  The  data  were  obtained  ont  he  laying  of 
gas  pipe,  but  it  would  apply  equally  as  well  for  water  pipe.  These  prices  should  not  be  applied 
to  rock,  hardpan,  or  quicksand  excavation,  but  only  to  cases  which  might  be  considered  as 
average  excavation.  For  depths  greater  than  6  ft.,  the  cost  of  excavating  increases  more  nearly 
with  the  square  of  the  depth  than  directly  with  it. 


Table  48. — Cost  of  Trenching,  Laying 

1,  Jointing 

AND  Backfilling  Cast-iron  Pipe 

■i 

Cost  of  trenching  100 
ft.  @  0.01  per  man 
hour  1  ft.  deep 

Cost  of  bell  holes  on 
100  ft.    ®  0.01  per 
man  hour  (pounds) 

Weight    of    pipe    per 
foot 

Feet  of  pipe  laid  per 
man  hotir 

Cost  of  lasring  100  ft. 
@     0.01     per     man 
hour 

Weight   of   lead   per 
joint  (pounds) 

Weight   of   yarn   per 
jo*nt  (pounds) 

Joints  made  per  man 
hour 

Cost  jointing  100-ft. 
pipe  @  0.01  per  man 
hour 

Cost  of  pipe  per  100 
ft.  ®  $1.00  per  ton 

Cost  of  lead  per  100 
ft.   of  pipe  ®  0.01 
per  pound 

Cost  of  yam  per  100 
ft.  of  pipe  ®  0.01 
per  pound 

h 

O  "^  "•* 

4  $0,184 

$0,043 

19.33 

21.98 

$0.0455 

6 

0.37 

6.25 

$0.0405 

$0,966 

$0.50 

$0.0308 

$0,966 

0 

0.203 

0.051 

30.25 

14.05 

0.0711 

9 

0.47 

4.16 

0.0601 

1.512 

0.75 

0.0391 

1.512 

8 

0.222 

0.057 

42.08 

10.09 

0.0991 

12 

0.56 

3.12 

0.0801 

2.104 

1.00 

0.0466 

2.104 

10 

0.239 

0.060 

55.91 

7.60 

0.1316 

16 

0.65 

2.34 

0.1068 

3.796 

1.33 

0.0541 

2.796 

12 

0.277 

0.066 

73.83 

6.75 

0.1739 

22 

0.76 

1.70 

0.1470 

3.691 

1.83 

0.0625 

8.091 

16 

0.333 

0.078 

112.58 

3.77 

0.2652 

36 

1.06 

1.03 

0.2427 

5.630 

3.00 

0.0883 

5.630 

20    0.369 

0.087 

153.83 

2.76 

0.3623 

50 

1.34 

1.26 

0.3333 

7.777 

4.16 

0.1116 

7.777 

24    0.406 

0.096 

206.41 

2.06 

0.4854 

62 

1.60 

1.04 

0.4006 

10.320 

5.16 

0.1333 

10.320 

30 

0.461 

0.111 

284.00 

1.49 

0.6711 

75 

2.00 

0.83 

0.5020 

14.204 

6.25 

0.1666 

14.204 

To  use  cost  prices  for  trenching  and  backfilling,  multiply  cost  by  depth  of  trench  and  by  local  cost  of  labor 
per  man  hour.  For  other  labor  costs,  multiply  by  man  hour  price  for  that  class.  For  material,  multiply  by  cost 
pounds  or  ton  as  specified. 
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Tablb  49. — Cost  or  Trenchino,  Latino,  Jointing  and  Backfilling  for  Wrought 

AND  Steel  Pipe 


I 

i 

hour 

- 

for 
1.00 

'S,  a 

1 

§ 

^   2        fci 

1 

"sl 

h 

n 

■f  ^ 

a 

1^ 

IS  ® 

J- 

^  8 

••H  C;  ■»> 

IH 

2.28 

104.2 

SO. 0096 

18 

so. 166 

SO. 0111 

so. 114 

m 

2.73 

86.6 

0.0116 

18 

0.166 

0.0125 

0.136 

2 

8.08 

65.0 

0.ai54 

18 

0.166 

0.0166 

0.184 

a 

7.62 

36.6 

0.0273 

18 

0.166 

0.0250 

0.381 

4 

10.89 

26.6 

0.0376 

20 

0.184 

0.0333 

0.544 

5 

19.19 

15.8 

0.0633 

22 

0.203 

0.0500 

0.959 

6 

28.81 

10.5 

0.0952 

24 

0.222 

0^0750 

1.440 

Api>l7  same  multiplier  as  for  cast-iron  pipe.     No  bell  holes  are  allowed  for  here. 

61.  Concrete  Pipe. — Concrete  pipe  is  manufactured,  but  not  extensively,  in  sizes  from  4 
to  120-io.  diameter.  In  some  localities  the  small  sizes  are  in  competition  with  vitrified  pipe  for 
sanitary  sewers,  but  its  principal  use  is  in  the  larger  sizes  (from  36  to  120  in.)  for  storm  sewers 
and  culverts.  These  sizes  are  usually  made  on  the  site  of  the  work,  but  can  be  shipped  readily 
where  necessary.  Railroad  companies  often  make  them  in  one  or  two  yards  and  ship  to 
points  on  the  system  for  culvert  use. 

Table  50. — Tradb  Information  on  Reinforced  Concrete  Pipe  in  4-ft.  Lengths 


Steel 

(pounds  per  square) 

foot) 

Cross  sectional 

(inches) 

Thickness 
(inches) 

area  of  steel 
(square  inches  per 

Weight  of  pipe 
per  foot 

foot  of  shell) 

24 

2H-  3 

0.30 

0.058 

264 

27 

3     -  3H 

0.30 

0.068 

350 

30 

3H 

0.40 

0.080 

384 

33 

4 

0.50 

0.107 

485 

36 

4 

0.60 

0.146 

524 

39 

4H 

0.60 

0.146 

580 

42 

4H 

0.60 

0.153 

086 

48 

5 

0.80 

0.107 

866 

54 

^H 

0.80 

0.126 

1070 

60 

6H 

0.90 

0.146 

1295 

72 

7 

1.00 

0.180 

1810 

78 

8 

1.30 

2250 

84 

8 

1.30 

0.208 

2409 

90 

8H 

2.12 

2550 

96 

8H 

2.60 

0.245 

2650 

102 

9 

3.02 

108 

9 

• 

2900 

114 

9M 

120 

10 

In  sises  from  24  to  42  in^  1  ring  of  steel  is  used. 
In  sises  from  48  to  120  in.,  2  rings  of  steel  are  used. 
77 
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The  canying  capacity  of  these  pipes  of  large  diameter  is  slightly  greater  than  fcur  vitrified  pipe  ot  the  same 
diameter.     The  coat  will  depend  upon  the  availability  of  the  materials  at  the  desired  location. 

The  head  carried  on  concrete  pipe  should  not  exceed  from  100  to  125  ft.  and  leakage  due  to  this  pressure  in 
properly  constructed  pipe  should  not  be  greater  than  in  pipe  made  of  other  materials.  The  coefficient  of  discharge 
is  higher  than  that  for  steel  pipe. 

62.  Standard  Flange  Fittings. — In  Table  51  are  given  the  spedfications  for  "American 
Standard  "  flanged  fittings  for  wrought-iron  and  steel  pipe.  Dimensions  apply  to  low  pressure 
and  standard  fittings  not  extra  heavy. 

Notes  on  the  Americcm  Standard. — The  following  notes  apply  to  the  American  Standard  for 
flanges  and  flanged  fittings. 


sue. 


(a)  Standard  reducing  elbows  carry  the  same  dimensions  center  to  face  as  regular  elbows  of  largest  straight 

Standard  tees,  crosses,  and  laterals,  reducing  on  run  only,  carry  same  dimensions  face  to  face  as  largest  straight 
sase. 

Standard  weight  fittings  are  guaranteed  for  125-lb.  working  pressure  and  extra  heavy  fittings  for  250  lb. 

The  siie  of  all  fittings  scheduled,  indicates  the  inside  diameter  of  parts. 

The  face-to-face  dimensions  of  reducers,  either  straight  or  eccentric  for  all  pressures,  is  the  same  as  that  given 
in  table  of  dimensions. 

Twin  elbows,  whether  straight  or  reducing,  carry  same  dimensions  center  to  face  and  face  to  face  as  regular 
Btraight-sise  ells  and  tees. 

Side  outlet  elbow  and  side  outlet  tees,  whether  straight  or  reducing  sixes,  carry  same  dimensions  center  to  face 
and  face  to  face  as  regular  tees  having  same  reductions. 

(6)  Bull-head  tees,  or  tees  increasing  on  outlet,  have  same  dimensions  center  to  face  and  face  to  face,  as  a 
straight  fitting  of  the  sixe  of  the  outlet. 

(d)  For  fittings  reducing  on  the  run  only,  always  use  the  long-body  pattern.  Y's  are  special  and  are  made 
to  suit  conditions. 


Table  51. — Standard  Flange  Fittings 


Bise  in  1  inch 

Diameter 

Thickness 

Diamieter 

Number  of 

Face  to  face. 

Tees  and 

crosses 

Center  to 
face.    Ells, 

Center  to 

face.     45« 

elbow  8 

to  12  inches 

flanges 

flanges 

bolt  circle 

bolts 

tees  and 
crossea 

1 

4 

He 

3 

7 

3H 

1« 

IH 

4H 

H 

3H 

7H 

3« 

2 

IH 

5 

Me 

3H 

8 

4 

2M 

2 

6 

H 

4« 

9 

4H 

2M 

2H 

7 

^Ms 

6M 

10 

5 

3 

3 

7H 

H 

6 

11 

5H 

3 

3H 

8H 

»^5. 

7 

12 

6 

3H 

4 

0 

»K6 

7M 

8 

13 

6H 

4 

4H 

9« 

»M6 

7H 

8 

14 

7 

4 

5 

10 

^Ha 

8M 

8 

15 

7H 

4H 

6 

11 

1 

9H 

8 

16 

8 

5 

7 

12H 

iHs 

lOK 

8 

17 

8H 

5H 

8 

13H 

m 

llfi 

8 

18 

9 

5H 

9 

15 

IH 

13K 

12 

20 

10 

6 

10 

16 

iMs 

14M 

12 

22 

11 

6H 

12 

19 

IH 

17 

12 

24 

12 

7H 

63.  Standard  Screwed  Fittings. — The  center  to  end  dimensions  of  ells,  tees,  and  crosses 
for  same  size  of  opening  are  alike.  The  dimensions  of  ells,  tees,  and  crosses  for  malleable  and 
cast  iron  from  }^  to  4  in.,  are  practically  identical.  In  Table  52,  dimensions  and  weights  are 
for  malleable  fittings  from  )^  to  4  in.  and  for  cast  iron  from  4  to  8  in. 
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Table  62. — Screwed  Ftttings 
Weights  in  pounds  per  100 


Size  y^  in. 

• 

to  4  in. 

End  to  end. 

Center  to  and. 

Center  to  end. 
45<'eUa 

Mai. 
ft  in.  to  8 

Tees  and 
eroaaes 

Tees,  ells  and 
croaaea 

EUs 

• 

450  eUa 

Teea 

Croaaea 

in.  C.I. 

H 

IH 

*Ms 

H 

18 

11 

14 

H 

IH 

*Ms 

»He 

17 

14 

23 

2.1 

H 

2K 

IH 

H 

27 

21 

35 

42 

H 

2H 

1  M« 

1 

39 

32 

55 

54 

1 

2H 

1  Me 

1  H 

60 

50 

80 

06 

IH 

8H 

1  « 

1  Me 

105 

80 

186 

152 

IH 

9H 

l»Ks 

1  He 

131 

111 

183 

197 

2 

4H 

2K 

l»Hs 

232 

197 

285 

340 

2H 

5H 

2*Hs 

l»Me 

420 

350 

428 

575 

3 

6K 

3  H 

2  Ke 

637 

483 

742 

960 

3H 

6K 

3  Hs 

2  H 

940 

065 

1000 

1040 

4 

7H 

3  H 

2  H 

1100 

775 

1200 

1550 

4H 

8M 

4  He 

2»Hs 

1600 

1450 

2330 

2700 

5 

8K 

4>{e 

3  Ms 

2100 

1650 

2620 

3000 

6 

lOH 

5  H 

3  Ke 

3000 

2500 

4000 

4300 

7 

UH 

5»Ke 

3  H 

4400 

3500 

5500 

6600 

8 

13 

«« 

4  ^ 

5500 

4600 

7900 

8300 

SECTION  3 
SEWAGE  DISPOSAL 
By  W.  G.  Kirch  offer 

• 

It  is  not  intended  in  this  section  to  give  a  complete  treatise  on  this  subject.  For  full  up-to- 
date  information  the  reader  is  referred  to  standard  works  on  sewage  disposal,  such  as  American 
Sewage  Practice  by  Metcalf  and  Eddy,  Sewage  Disposal  by  Fuller,  or  Sewage  Disposal  by  Ken- 
nicutt,  Winslow  and  Pratt.  The  descriptions  of  the  processes  herein  given  are  intended  to  con- 
vey only  a  general  notion  of  the  principles  under  which  the  processes  will  work.  The  designer 
of  an  isolated  plant  will  then  have  a  reasonably  good  idea  of  what  he  can  expect,  if  he  attempts 
to  do  certain  things  with  sewage. 


COLLECTION  AND  FLOW  OF  SEWAGE 

1.  Size  of  Sewers. — The  size  of  a  sewer  should  not  be  based  upon  the  average  flow  antici- 
pated, but  upon  the  maximum  rate  of  flow  that  can  reasonably  be  exp>ected  to  take  place 
daily.  It  can  be  inferred  that  the  flow  of  sewage  would  follow  quite  closely  the  consumption  of 
water  and  would  reach  a  maximum  of  about  175%  of  the  mean  flow  (see  Fig.  2,  p.  1190).  It  is 
quite  a  common  rule  to  assume  that  the  maximum  will  be  twice  the  minimum  so  that  if  the 
sewer  is  designed  to  flow  half  full  with  mean  flow,  it  will  be  large  enough  for  maximimi  flows. 

If  it  is  expected  that  an  increase  in  the  discharge  of  sewage  will  take  place  in  the  near  future, 
due  to  additional  building  or  increase  in  the  industrial  waste,  it  would  be  advisable  to  design  the 
sewers  for  three  times  the  mean  flow.     Table  1  has  been  prepared  on  such  an  assimiption. 

For  other  grades  than  those  given,  the  capacity  is  proportional  to  the  square  root  of  the 
slope.  The  population  served  by  a  given  sewer  would  be  inversely  proportional  to  the  amount 
of  sewage  contributed  to  the  sewer  by  that  population,  as  compared  with  the  figures  given  in 
the  table. 

Table  1. — Population  That  Can  Be  Served  by  Sewers  with  Various  Grades 

Based  on  a  consumption  of  100  gallons  per  capita  per  day.    Sewers  assumed  running  one-third  full,    n  «  0.013 


Fall  of  sewer  in  feet  per  100  feet 

Sise  sewer 
(inches) 

, 

« 

^ 

0.5 

0.4 

0.33 

0.25 

0.20 

0.167 

0.125 

0.10 

0.083 

6 

1,060 

030 

850 

690 

530 

8 

2.160 

1,045 

1,730 

1,405 

1.200 

1.000 

860 

720 

10 

3.780 

3.460 

3,070 

2.640 

2.130 

2,260 

1,940 

1.470 

12 

5.340 

4.070 

4.540 

4.140 

3.600 

3.240 

2.850 

2.550 

2.370 

15 

0.360 

8.360 

7.560 

6.560 

6.000 

5.400 

4.400 

4.240 

3.880 

18 

15,500 

13.850 

12.600 

11.000 

9.940 

8.930 

7.540 

7,000 

6.230 

20 

10.250 

18,200 

16.750 

14.400 

13.250 

11.700 

10,150 

9.340 

8.320 

24 

33.800 

30.500 

27.700 

24.000 

21.800 

18,800 

16.920 

15,400 

13.700 

2.  Materials  Used  for  Sewers.  —The  universal  material  used  for  sewers  is  vitrified  clay  pipe. 
Sewers  30  in.  diameter  and  larger  are  often  built  of  brick,  reinforced  concrete,  cast  iron,  or 
wrought  iron.    Sometimes  wood  stave  pipe  is  used  where  soils  will  not  support  vitrified  pipe 
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satisfactorily,  where  the  sewer  is  under  pressure,  or  where  leakage  would  pollute  a  water  supply. 
Vitrified  pipe  in  lengths  of  2,  2>^,  and  3  ft.  can  be  purchased  in  sizes  from  4  to  30  in.  (advancing 
by  2  in.  to  12  in.  and  thereafter  by  3  in.).     2-  and  2H-ft.  lengths  are  most  common. 

8*  Limiting  Grades. — The  minimum  grade  of  a  sewer  is  fixed  by  the  velocity  at  which  it 
will  be  self-cleansing,  usually  assumed  at  2  to  3  ft.  per  second;  greasy  wastes  would  require 
greater  velocities.  Flushing  is  the  only  safe  way  to  be  sure  of  a  clean  and  sanitary  sewer. 
For  small  lateral  sewers  a  grade  of  1  ft.  in  200  ft.  is  very  satisfactory  but  where  conditions  will 
not  permit,  a  grade  of  1  ft.  in  400  ft.  is  permissible.  Sewers  24  to  30  in.  in  diameter  with  a 
flpw  of  sewage  sufficient  to  fill  them  one-half  or  more  full,  are  often  laid  on  a  grade  of  1  in  1000 
or  1  in  1200  ft. 

4L  Workmanship. — The  construction  of  sewers  is  more  likely  to  be  neglected  than  any 
other  part  of  a  building  contract.  "Out  of  sight,  out  of  mind'' is  often  too  true.  It  is  highly 
important  that  the  sewer  should  be  laid  to  a  straight  line  and  grade,  with  joints  even  and 
well  filled  with  a  hemp  gasket  and  cement  mortar.  Stoppages  in  sewers  are  often  caused  by 
poor  workmanship  in  the  laying.  The  capacity  can  also  be  materially  cut  down  by  a  crooked 
roush  sewer. 

6*  Details. — ^The  appurtenances  of  a  common  ordinary  sewer  are  manholes,  lampholes, 
and  flush  tanks.  No  sewer  should  be  constructed,  no  matter  how  short,  that  does  not  have  at 
least  one  manhole  on  it.  On  longer  sewers  they  should  be  spaced  300  to  500  ft.  apart  depending 
on  local  conditions,  size  of  sewers,  character  of  sewage,  and  funds  available  for  the  work. 

A  manhole  to  be  serviceable  should  be  3  to  4  ft.  in  diameter  and  extend  from  sewer  to 
surface  of  the  ground  or  street  and  be  provided  with  an  iron  or  concrete  cover,  readily  removable. 
They  can  be  constructed  of  brick,  concrete,  or  cement  blocks.  The  invert  of  the  sewer  should 
be  continued  through  the  manhole  just  the  same  as  in  the  sewer,  only  the  top  half  of  the  pipe 
should  be  cut  away  to  allow  for  inspection  and  cleaning. 

Lampholes  are  not  used  as  much  as  formerly.  They  are  for  the  purpose  of  flushing  the  end  of  a  sewer  with  a 
hose,  or  to  permit  the  lowering  of  a  light  in  case  of  obstruction.  They  are  made  of  sewer  pipe  and  have  an  iron 
cover. 

Flush  tanks  are  not  likely  to  be  needed  on  sewers  for  a  single  building,  but  should  be  included  where  the  system 
is  extensive  or  has  very  flat  grades.  These  tanks  should  be  located  so  as  to  flush  the  greatest  lengths  of  sewers  on 
the  flattest  grades.  A  flush  tank  is  usually  a  small  reservoir  or  ciBtern  provided  with  an  automatic  syphon  for  the 
discharge  from  the  tank  and  an  orifice  for  control  of  the  water  used  for  flushing.  The  water  is  usually  ob- 
tained from  the  dty  water  mains,  but  may  be  obtained  from  a  private  source  of  supply  as  the  case  may 
demand. 

6.  Variations  of  Flow. — The  variations  in  the  volume  of  sewage  discharged  from  any 
building  or  industry  will  follow  quite  closely  the  hourly  variations  in  the  consumption  of  water. 
The  curves  shown  in  Fig.  2,  p.  1190,  will  therefore  fairly  represent  the  relative  (not  absolute) 
volume  of  flow  of  sewage  from  one  hour  of  the  day  to  another.  Where  large  quantities  of 
ground  water  enter  the  sewer  through  the  joints  or  otherwise,  or  where  large  volumes  of  cooling 
or  wash  water  are  constantly  turned  into  the  sewer,  the  relative  viuriation  will  be  very  much 
smaller. 

7.  Cost. — There  are  many  factors  that  affect  the  cost  of  sewers,  such  as  the  nature  and 
condition  of  the  soil,  price  of  labor  and  materials,  diameter  of  pipe,  and  depth  of  trench.     Table 

Table  2. — Foe  Estimating  Cost  of  Vitrified  Pipe  Sewers 

.  Depth  of  trench  in  feet 


I 

4 

1 

5 

6 

7 

1 
8 

1      9            10 

1 

11 

12 

11 

10 

IS 

20 

Sise  of 

6 

0.40 

0.45 

0.50 

0.58 

0.6o 

0.75 

0.85 

0.98 

1.08 

1.35 

1.68 

2.03 

2.43 

pipe 

S 

0.53 

0.58 

0.63 

0.70 

0.80 

0.88 

1.00 

1.10 

1.23 

1.53 

1.85 

2.23 

2.65 

(inches) 

10 

0.65 

0.73 

0.78 

0.85 

0.95 

1.05 

1.15 

1.28 

1.40 

1.70 

2.13 

2.45 

2.90 

12 

0.83 

0.88 

0.95 

1.03 

1.13 

1.23 

1.33 

1.45 

1.60 

1.93 

2.28 

2.70 

3.18 

15 

1.10 

1.15 

1.23 

1.30 

1.40 

1.53 

1.65 

1.78 

1.93 

2.28 

2.68 

3.13 

3.63 

18 

1.40 

1.45 

1.53 

1.63 

1.73 

1.85 

2.00 

2.15 

2.30 

2.68 

3.10 

3.60 

4.15 

1 
'■ 

ao 

1.63 

1.70 

1.78 

1.88 

2.00 

2.13 

2.25 

2.43 

2.60 

3.00 

3.45 

3.95 

4.55 
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2  has  been  prepared  from  the  bicLs  on  many  sewers.  These  bids  were  compiled  during  a  period  of 
20  yr.  and  represent  average  conditions.  The  prices  have  been  advanced  to  cover  the  approxi- 
mate recent  (1918)  rise  in  prices.  They  should  be  used  only  as  a  guide  and  should  be  increased 
where  the  local  conditions  are  unfavorable  to  average  working  conditions.  The  table  does  not 
cover  rock  excavation  or  quicksand  digging. 


COMPOSITION  OF  S£WAG£ 

8.  General  Characteristics. — Sewage  has  been  defined  as  a  combination  of  the  liquid 
waste  conducted  away  from  residences,  public  and  business  buildings,  and  industrial  establish- 
ments. A  briefer  definition  would  be,  ''The  wastes  of  human  habitation."  It  possesses  three 
general  characteristics  as  suggested  by  Prof.  E.  B.  Phelps:  the  physical  property  of  "concentra- 
tion," the  chemical  property  of  "composition,"  and  the  biological  property  of  "condition."  A 
sewage  containing  a  large  proportion  of  sewage  matter  as  compared  to  the  water  of  a  given 
sewage,  is  strong  or  concentrated,  while  one  having  the  reverse  of  these  conditions  is  a  weak 
or  dilute  sewage. 

A  concentrated  sewage  means  that  a  greater  quantity  of  sludge  will  be  produced  which  must  be  cared  for,  and 
it  also  means  that  the  solids  will  settle  out  quicker  than  in  a  dilute  sewage. 

The  particiUar  process  to  adopt  for  the  treatment  of  a  given  sewage  depencb  more  ui>on  the  composition  of  the 
sewage  matter  than  upon  the  concentration  or  condition.  When  a  sewage  is  in  a  "fresh"  condition  it  lends  itaelf 
more  readily  to  oxidising  processes,  whereas  a  stale  sewage  or  one  that  has  traveled  a  long  wa3rs  in  pipes  or  stood  in 
receiving  basins,  lends  itself  more  readily  to  septic  action. 

9.  Total  Solids. — A  weak  or  dilute  sewage  contains  about  200  parts  of  solids  to  each  milUon 
parts  of  sewage;  a  medium  or  average  sewage,  about  800  parts;  and  a  strong  sewage  about 
1600  parts  per  million.  The  total  solids  in  sewage  are  divided  physically  into  suspended  and 
dissolved  matters,  and  chemically  into  organic  and  mineral  matters.  The  subdivision  of  the 
total  solids  of  a  typical  American  sewage  are  shown  in  the  accompanying  diagram. 


Phtsical  CJoNBinoN  OF  Principal  Constituents  op  Sewage  op  Medium  Strength 

(Numbers  are  parts  per  million) 


Organic  settling 

1 

soUds  100 

Settling  solids  (2  hr.) 

160  settling  soUds 

150 

Mineral  settling 

'                 .         , 

soUds50 

1 

1 

Organic  suspended 

Suspended 

colloidal  solids  100 

• 

solids  300  (by 

< 

filter  paper) 

Suspended  colloidal 

Mineral  suspended 

Total  solids 

solids  160 

colloidal  solids  50 

200  colloidal  solids 

800 

» 

' 

Dissolved 

Organic  dissolved 

colloidal 

colloidal  solids  40 

Dissolved 

solids  50 

Mineral  dissolved 

solids  500 

1 

Dissolved 

colloidal  solids  10     ^ 

• 

Organic  dissolved 

« 

crystalloidal 

crystalloidal  solids 

soUds   450 

160 

1 

Mineral   dissolved 

450  orystaUoidal 

crystalloidal  solids 

solids 

290 

,  Total  solids 
800 


10.  Organic  Matter. — The  organic  matter  in  a  typical  sewage  is  divided  approximately 
as  follows : 
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OfSaaie  matter  400 


Nitrogenous   150 


Non-nitrogenous  250 


Nitrogen  15 
Carbon  75 
Hydro,  oxygen 
Sulphur  phosphate  80. 


Fats  50 


Carbohydrates 
200 


Carbon  35 

Hydrogen  1 

,  Oxygen      J 

Carbon  90 
Hydrogen 
Oxygen 


15 


110 


Organic  matter  is  of  vegetable  and  animal  origin.  It  is  the  part  of  the  solids  in  sewage  in 
which  we  are  particularly  interested  from  a  sanitary  standpoint.  Nitrogenous  matter,  con- 
sisting principally  of  urea  and  proteids,  is  generally  considered  as  the  substance  that  is  the 
least  stable  and  most  likely  to  break  down  and  cause  a  nuisance.  Offensive  gases  are  usually 
of  a  sulphurous  origin. 

11«  Mineral  Matter. — Mineral  matter  consists  principally  of  calcium  and  magnesium  car- 
bonates and  sulphates.  Where  the  water  supply  used  in  producing  the  sewage  is  highly  min- 
eralized, the  sewage  is  likely  to  be  mineralized  also.  Industrial  wastes  often  contain  mineral 
matters  that  affect  the  mineral  constituents  of  sewage.  These  matters  in  themselves  are  not 
objectionable  from  a  sanitary  standpoint,  but  often  if  in  large  quantities  and  combinations, 
th^  interfere  with  the  processes  of  purification. 

12.  Suspended  and  Settling  Solids. — All  solids  in  sewage  which  are  floating,  suspended 
by  virtue  of  the  velocity  of  the  liquid,  and  those  that  are  in  a  colloidal  state,  are  defined  as 
suspended  matter.  Settling  solids  are  those  that  will  settle  out  of  solution  in  2  to  4  hr.  after 
quiescence  begins.  It  is  important  in  the  treatment  of  industrial  wastes  to  remove  as  large  a 
percentage  of  setUii^  solids  as  possible.  The  higher  the  total  suspended  matter  present,  es- 
pecially if  it  be  of  a  coarse  material,  the  greater  will  be  the  percentage  of  the  settling  solids  re- 
moved. Colloids  are  difficult  to  remove  by  settling.  They  are  in  a  semi-soluble  state.  Some 
matters  of  a  fatty  or  soapy  nature  will  not  settle  out  although  th^  remain  in  a  strictly  sus- 
pended condition. 

13.  Putrif action. — Organic  matter  contained  in  sewage  soon  begins  to  putrify  due  to  a 
lack  of  oxygen.  Where  oxygen  is  present  or  can  be  supplied  in  sufficient  quantities,  the  reduc- 
tion of  this  material  goes  on  in  an  aerobic  condition,  but  where  sufficient  oxygen  is  lacking,  the 
reduction  goes  on  in  an  anaerobic  condition.  An  effluent  from  a  sewage  disposal  plant  that  is 
not  putrescible  is  said  to  be  stable.  One  of  the  most  common  and  reliable  tests  for  this  is  the 
methylene  blue  test 

14.  Bacterial  Action  on  Organic  Matter. — ^There  are  two  separate  and  well  defined  proo- 
esses  of  bacterial  action  that  take  place  in  sewage.  When  sewage  first  reaches  the  public 
sewers  it  is  "fresh"  and  contains  free  oxygen  so  that  aerobic  bacteria  thrive.  These  bacteria 
grow  and  multiply  only  in  the  presence  of  oxygen.  After  sewage  has  traveled  a  long  distance 
in  sewers  or  has  stood  quiescent  in  a  tank  for  somtime,  the  sewage  becomes  stale  or  septic  when 
anaerobic  bacteria,  those  that  grow  in  the  absence  of  oxygen,  come  into  evidence  as  the  chief 
factor  in  the  reduction  of  the  organic  matter. 

The  proceeses  are  diametrically  opposite  and  opposed  to  each  other.  The  aerobic  or  oxidation  jvooees  is 
accompanied  with  little  or  no  odor  while  the  opposite  is  very  true  of  the  anaerobic  or  septic  process. 

Unless  oxygen  is  supplied  in  sufficient  quantities  and  quick  enough,  the  sewage  will  invariably  JMU  into  the 
septic  state  from  which  it  is  difficult  to  again  restore  it  to  an  oxidised  condition. 

For  small  plants  it  is  difficult  to  prevent  some  septization  from  taking  place  without  an  unwarranted  expense  for 
installation  and  operation.  In  fact,  it  is  usual  in  most  plants  to  allow  the  sewage  to  get  into  a  more  or  less  septic 
state  before  attempting  to  apply  methods  of  oxidation.  Some  of  the  more  recently  designed  tanks  and  processes 
are  planned  to  completely,  or  at  least  to  a  very  large  extent,  prevent  septic  action.  Such  processes  are  particularly 
desirable  to  use  where  a  high  degree  of  purity  is  necessary. 
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PROCESSES  OF  PURlFICATIOlf 

15.  Dllutioii. — No  hard  and  fast  rule  can  be  laid  down  by  which  it  may  be  determined 
that  sewage  disposal  by  dilution  will  be  satisfactory  and  not  cause  a  nuisance.  Some 
authorities  have  used  the  rule  that  if  there  were  5  cu.  ft.  of  water  flowing  per  second  in  the 
stream  per  thousand  population  tributary  to  the  sewer,  a  nuisance  would  not  be  created.  The 
rule  will  not  hold  good  in  most  instances. 

The  changes  that  take  place  in  th6  dilution  method  are  not  materially  different  from  those 
that  take  place  in  the  process  of  filtration.  It  is  largely  a  matter  of  oxidation  accompanied  by 
mechanical  and  physical  agencies.  For  the  process  to  be  satisfactory  there  should  remain  no 
floating  organic  matter,  no  deposition  of  sludge  should  take  place  in  the  vicinity  of  the  outlet, 
and  there  should  be  sufficient  oxygen  in  the  stream  or  other  body  of  water  to  completely  oxidize 
the  sewage.  As  ordinarily  spoken  of,  dilution  has  meant  the  disposal  of  raw  sewage  into  a 
body  or  stream  of  relatively  pure  water.  As  actually  practiced,  the  dilution  method  is  used  for 
the  final  disposal  of  all  stages  of  sewage  effluents  from  raw  sewage  to  the  effluents  from  the  best 
slow  sand  filters. 

It  is  a  common  practice,  perhaps  too  common,  to  pass  the  sewage  through  tanks  and  then  leave  the  balance 
of  the  process  of  purification  to  take  place  in  the  body  of  water  into  which  the  sewage  passes,  regardless  of  its  siw  or 
condition.  It  is  very  obvious  that  raw  sewage  in  considerable  quantities,  such  as  would  be  discharged  from  a  large 
factory  building  or  institution,  should  not  be  discharged  into  a  small  body  of  water  or  small  stream.  In  almost  all 
cases  it  is  preferable  to  use  some  preliminary  treatment  to  at  least  remove  the  floating  solids  and  coarser  matter. 
This  can  best  be  accomplished  by  screening  or  sedimentation  in  tanks. 

The  outlet  sewer  for  beet  results  should  extend  some  distance  into  the  water  with  several  openings  so  as  to 
provide  a  good  intermingling  of  the  sewage  effluent  with  the  water.  It  is  a  well  established  fact  that  streams  will 
purify  themselves  under  favorable  conditions.  The  distance  below  the  source  of  pollution  that  the  stream  may  be 
found  free  from  evidence  of  it,  depends  upon  the  relative  volumes  of  sewage  and  water,  upon  the  amount  of  oiygen 
present  in  the  water,  and  upon  the  velocity  of  the  stream.  At  New  Orleans  no  traces  of  sewage  pollution  can  be 
found  in  the  Mississippi  river,  although  the  sewage  of  nine  million  people  is  discharged  into  it. 

16.  Screening. — Two  classes  of  screens  are  used  for  this  purpose:  (1)  coarse  rack  screens 
for  removing  objects  that  would  obstruct  machinery,  render  disposal  waters  unsightly,  and 
prevent  deposits  on  the  bottom  of  rivers,  lakes,  and  tidal  waters,  and  (2)  fine  screens  for  the 
purpose  of  removing  the  above  materials  and  also  as  much  as  possible  of  the  finer  suspended 
matter. 

Coarse  screens  are  built  of  bars  H  to  IH  ^-  ftpsrt,  and  fine  screens,  ustially  revolving,  are  built  of  perforated 
metal  or  wire  cloth  with  holes  seldom  exceeding  yi  in.  in  siie. 

The  use  of  fine  screens  can  hardly  be  considered  more  than  a  very  preliminary  process.  Screens  are  used 
principally  where  the  ultimate  disposal  is  into  tidal  waters  or  very  large  streams.  Where  a  plant  receives  consider- 
able attention  from  the  caretaker,  bar  screens  are  advantageous  on  most  any  plant.  None  of  the  screens  now  made 
can  compare  with  plain  sedimentation  for  the  removal  of  a  large  percentage  of  the  settleable  solids. 

17.  Sedimentation. — Sedimentation  is  the  process  by  which  sewage  is  allowed  to  stand 
quiescent  in,  or  flow  very  slowly  through,  tanks  or  basins  in  which  the  settleable  solids  may 
subside  to  the  bottom  of  the  tank.  This  process,  if  carried  out  for  a  period  of  2  to  3  hr.  with 
the  resulting  sludge  removed  continuously  or  at  frequent  intervals,  will  not  permit  of  much 
septic  action.  Such  action  is  called  plain  sedimentation  as  it  does  not  involve  bacterial  re- 
duction or  its  attendant  chemical  changes.  At  least  150  parts  per  million  of  the  solids  of  a 
typical  sewage  should  be  removed  in  2  hr.  Sedimentation  is  a  valuable  part  of  the  process  of 
disinfection  of  sewage  as  it  has  been  proven  that  a  disinfectant,  such  as  liquid  chlorine,  will 
act  much  more  effectively  after  the  coarser  matters  have  been  removed. 

The  amount  of  matter  that  will  settle  varies  greatly  with  different  sewages  and  is  largely 
influenced  by  quantity  and  character  of  industrial  waste  included  in  the  sewage. 

18.  Tank  Treatment. — There  are  three  leading  types  of  tanks  for  sewage  treatment: 
(1)  septic  tanks,  (2)  Imhoff  tanks,  and  (3)  sedimentation  tanks  with  auxiliary  tanks  for  separate 
sludge  digestion.  Several  other  types  have  been  proposed,  such  as  the  Travis  and  Dortmund 
tanks. 
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18a.  Septic  Tanks. — Septic  tanks  are  really  sedimentation  tanks  with  the  added 
feature  that  the  sludge  is  retained  in  the  tank  for  long  periods  of  time  to  undergo  anaerobic 
decomposition.  As  a  result  of  this  action,  gas-lifted  particles  of  sludge  are  raised  to  the  surface 
of  the  liquid.  These  particles,  while  still  in  a  partially  decomposed  state,  are  often  carried 
away  with  the  effluent,  making  it  more  turbid  than  the  raw  sewage.  Such  conditions  frequently 
come  about  where  the  velocity  of  flow  through  the  tank  is  suddenly  changed  to  a  high  rate  as 
would  happen  where  storm  water  is  allowed  to  get  into  sanitary  sewers,  or  where  there  are  rela* 
tively  large  changes  in  the  discharge  of  sewage  from  the  building.  It  is  therefore  advisable  to 
keep  out  of  the  tank,  storm  waters  and  all  other  waters  of  variable  flow  that  are  relatively  as 
pure  as  the  effluent  from  the  tank  would  be,  such  as  cooling  waters  in  condenseries,  ice  plants, 
etc.  The  relative  variation  of  flow  is  usually  greater  for  very  small  installations  than  for  very 
large  ones.  For  instance,  the  flow  of  sewage  for  a  family  of  3  people  would  likely  vary 
100%  within  24  hr.,  whereas  for  a  large  factory  running  night  and  day  the  variation  might 
be  only  30%. 


lihr^ 


Fio.  1. 


The  UM  of  tk  septic  tank  should  be  based  on  either  the  number  of  people  served  or  upon  the  quantity  of  sewage 
flowing  at  the  average  rate 
(assume  24-hr.  flow  to  talce  place 
in  18  hr.).  The  following  tests 
applied  to  the  design  will  usually 
bring  satisfactocy  results  for 
tanks  of  this  type:  (1)  The  capa- 
city should  be  4  cu.  ft.  to  each 
peraon;  (2)  the  capacity  should 
equal  about  one-third  of  the 
volume  of  the  daily  flow;  and  (3) 
the  rest  iieriod  (flowing-through 
period)  should  be  about  8  hr.  The 
essential  features  of  the  design  of  a 

septic  tank  are:  The  inlet  and  outlets  should  be  trapped  so  as  not  to  disturb  the  floating  sludge  or  allow  it 
to  flow  away  with  the  effluent.  The  velocity  at  entrance  should  be  reduced  as  soon  as  possible  to  a  minimum  of 
about  11  ft.  per  hour  and  maximum  of  30  ft.  per  hour.  The  tank  should  have  a  minimum  depth  of  4  ft.  and 
should  not  be  deeper  than  12  ft.,  except  in  cases  where  it  is  necessary  to  get  the  required  volume  in  a  limited 
space.  The  length  should  be  about  twice  the  width.  The  tank  may  or  may  not  be  covered,  but  if  covered  it 
should  not  be  air  tight  as  the  gases  are  liable  to  explode  and  do  great  damage.  The  tank  should  have  some  con- 
venient means  of  deaning-^that  is,  by  either  drawing  off  the  sludge  or  skimming  the  scum  from  the  surface  of 
the  liquid.  This  feature  is  the  one  that  is  most  likely  to  be  neglected  as  it  has  been  the  general  supposition  that 
septic  tanks  do  not  need  to  be  cleaned  out  at  all,  which  is  not  in  accord  with  the  experience  of  the  operation  of  the 
oldest  tanks. 

Fig.  1  illustrates  a  vertical,  longitudinal  section  of  a  tjrpical  septic  tank.  The  baffles  at  the  inlet  and  outlet  are 
usually  made  of  an  elbow  or  tee  of  vitrified  pipe  for  small  installations,  and  of  plank  or  concrete  hanging  wall  for 
large  ones. 

Beptio  tanks  are  m^e  with  hopper  bottoms  so  that  they  can  be  cleaned  out  more  easily,  but  the  experience  with 
these  tanks  has  denlonstrated  that  greater  quantities  of  gas-lifted  sludge  are  brought  up  into  the  liquid  and  hence 
into  the  effluent  on  account  of  the  greater  concentration  of  sludge  at  one  point.  The  patent  on  the  septic  tank 
expired  in  1916.    Ttible  3  gives  the  proper  dimensions  of  small  tanks  for  2  to  21  people. 


Table  3. — Dimensions  of  Septic  Tanks 


Number  of  persons  served 

Inside  dimensions  of  tank  for  a  given  number  of  people 

Width 

Length 

Depth 

2  to    5 

6to    9 

10  to  13 

14  to  17 

18  to  21 

2  ft.-O  in. 

2  ft.-6  in. 

3  ft.-0  in. 
3  ft.-0  in. 
3  ft.-0  in. 

4  ft.-0  in. 
6  ft.-O  in, 

5  ft.-O  in. 

5  ft.-6  in. 

6  ft.-O  in. 

5  ft.-O  in. 

5  ft.-O  in. 

6  ft.-O  in. 

5  f  t.-0  in. 

6  ft.-O  in. 
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Ub.  Imhoff  Tanks. — ImhoS  tanke  were  desigaed  and  patented  by  Dr.  ImhoS 
<rf  Ekeen,  GeTmany.  The  design  consists  of  a  sedimentation  tank  superimposed  on  a  septic 
tank  for  tiie  digestion  of  the  sludge.  The  flow  takes  place  only  through  Che  upper  tank  and 
its  bottom  is  so  constructed  with  steep  slopes  and  a  baffled  slot  that  the  settleable  solids  slide 
into  the  digestioD  chamber  below.  This  tank  performs  all  the  functionB  of  a  septic  tank  but 
keeps  the  prooees  of  sedimentation  separate  from  the  proceaa  of  anaerobic  decomposition  of 
the  sludge. 

It  is  claimed  that  its  principal  advantage  lies  in  the  fact  that  the  effluent  is  free 
from  septic  gas-lifted  sludge;  it  also  contains  more  oxygen  and  is,  therefore,  more  readily 
treated  subsaquently  by  oxidising  processes,  such  as  filtration.     At  the  same  time,  it  re- 
tains all  the  advantages  of  anaerobic  decomposition  of  the  sludge.     The  essential  features  of 
the  design  of  an  ImhoS  tank  are;  a  sedimentation  chamber  whose  bottom  has  steep  slopes 
and    slot    for   pasung  settleable  soUds,   and   a   sludge  digestion  chamber   under   the   sedi- 
mentation tank  with   sludge  pipe  for  removing  the  sludge.     The  inlets  and  outlets  of  the 
sedimentation   chamber   should  be   baffled   and  tbe 
bottom  slopes  should  be  not  flatter  than  1.6  units 
vertically  to  1  horizontally.     Flatter  slopes  have  been 
tried  but  found  to  be  unsatisfactory  in  most  cases. 
Hiese  slopes  should  be  made  as  smooth  and  even  as 
possible.     The  slot  t  Jtween  them  should  be  not  over 
6  in,  wide  and  properly  baffled  by  extending  edge  of 
one   slope  past  the  slot,   or  in   some  other   manner 
equally  as  good.     Suificient  area  must  be  provided 
for  the  escapie  of  gas  and  for  the  floating  sludge  rising 
from  the  sludge  chamber.     Such  gas  vents  on  la^ie 
plants  should  be  extended  several  feet  above  the 
surface  of  the  liquid  in  the  tank. 

The  iludKii  ohamber  ihguld  hiivs  bottomi  Blapiai  to  one  or 

more  poinU  from  which  the  Bludge  un  be  removed.     The  elopea 

Fia.  2.  ihould  b«  not  flatter  than   1  unit  vsitially  to  3  unlu  horiHD- 

talLr.     A  (ludge  pipe  should  citend  to  a  point  near  the  bollom 

(0  that  aome  dude*  may  be  removei).     RemoTal  of  the  aludge  ia  uaiwlly  scDomplished  by  the  h»d  of  water  in 

tbe  Mnk  above  the  outlet  of  the  aludie  pipe,  but  wheie  thii  i>  not  pouible,  the  iludge  ia  pumped  br  a  auction 

pump. 

Fin,  Z  Uluitratn  ■  v<rtii»!  eroae-gFctlonsl  view  of  a  typieal  ImhoS  taok  Bhowinc  the  slopes,  alot.  sludKC  pipta. 
Mo.  Thecapaoity  of  these  tanks  ia  bued  on  the  "floninathiDUih  period"  for  tbe  upper  story  and  on  the  volame  of 
•ludge  pioduced  by  a  given  sewage  for  the  lower  story.  The  capacity  of  the  sedimentation  tank  or  upper  storr 
abould  be  M  to  M  oC  the  volume  of  the  Z4-hr.  flow,  which  would  provide  a  r«t  period  of  2H  to  3  hr..  bued  ou  the 
Bveraca  flow  taking  place  in  IS  hr.  The  capscity  of  the  lower  story  or  sludge  chamber  will  ^epond  largely  upon  the 
nUtive  strength  of  the  sewage  and  upon  the  frequency  of  drawing  oS  sludge.  An  average  vulue  would  be  0.008  eu. 
It.  per  capita  per  day  for  a  period  of  3  mo.  or  more;  that  is,  it  ahould  hold  the  sludge  that  would  aecumulate  in 
8to6mo. 

It  ia  claimed  that  the  ImhoS  Unk  ia  animprovement  over  the  septic  tank  in  tbat  it  delivon  afreeber  and  more 
uniform  eflluent  and  provides  means  for  thoroughly  digeeting  the  sludge.  However,  Imbofl  tanks  are  not  giving 
the  aatisfaction  as  at  first  thought,  or  as  claimed  for  them.  Bome  of  tbe  principal  diScultiea  and  objections  to 
them  are:  foaming  of  gas  venta,  which  function  spreads  partially  digested  sludge  all  over  the  walla  and  surfaee 

solids  collecting  on  the  sloping  bottoms  and  becoming  putrescibie;  generating  of  gas  and  sending  sludse  to  the 
•urface;  difficulties  in  drawing  ofl  sludge  by  having  it  clog  tbe  pipe  and  cling  to  the  sides  and  bottom  of  tank; 
liquid  from  upper  story  beiDgdrawDoSinplaceof  sludge,  etc. 

18«.  Sedimentation  Tank. — Sedimentation  tanks  are  similar  to  the  Imhoff 
tanks  in  action  and  operation,  but  differ  in  construction.  The  sludge  digestion  tank,  instead 
of  being  located  under  the  sedimentation  tank,  is  placed  at  one  side  of  it.  Tbe  sludge  is  drawn 
off  periodically  by  a  sludge  pipe  operating  under  the  head  of  water  in  the  sedimentation  tank 
in  a  sunilar  manner  to  the  way  in  which  sludge  is  drawn  from  the  lower  chamber  of  the  Irohofi 
tank.  This  method  is  not  entirely  satirfactory  as  the  sludgf  tank  soon  fills  to  a  level  near 
that  of  the  settling  tank,  and  then  there  is  litUe  or  no  head  to  produce  a  flow  of  the  settling 
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solids,  unless  constructed  at  a  much  lower  level.  A  much  better  plan  is  tb  pump  the  solids 
from  the  sedimentation  tank  by  means  of  centrifugal  or  air  lift  pumps.  The  capacities  of 
these  tanks  should  be  the  same  as  for  the  corresponding  stories  of  the  Imhoff  tank. 

19.  Filteis* — The  effluent  from  preliminary  processes  in  most  instances  is  further  treated 
by  filtration.  There  are  four  types  of  filters  commonly  used :  (a)  slow  sand  filters,  (&)  contact 
filters,  (c)  sprinkling  or  percolating  filters,  and  (d)  sub-surface  filters  or  tile  distribution. 

10a.  Slow  Sand  Filters. — Slow  sand  filters  are  constructed  of  a  layer  of  medium 
coarse  sand  about  2  ft.  thick,  resting  on  a  layer  of  gp'avel  with  under  drains.  The  effluent  from 
the  tanks  or  other  preliminary  process  is  distributed  over  the  surface  by  means  of  troughs  or 
pipes  in- doses  sufficient  to  cover  the  bed  2  in.  deep.  Sufficient  time  should  elapse  between 
doses  to  allow  for  complete  drainage  of  the  bed  and  for  air  to  follow  the  liquid  into  the  fflter. 
The  filter  should  be  divided  into  three  or  more  sections  or  beds,  so  that  two  beds  can  be  operated 
alternately  while  the  third  one  is  resting  and  being  cleaned  of  any  surface  deposit.  The  surface 
area  of  the  filters  in  use  should  be  so  proportioned  that  they  will  receive  from  5  to  10  gal.  per 
sq.  ft.  per  day.  These  filters  should  only  be  used  where  it  is  necessary  to  produce  an  effluent 
of  high  d^jpree  of  purity. 

19b,  Contact  Filters. — Contact  filters  are  usually  placed  in  large  concrete  tanks 
and  consist  of  relatively  coarse  broken  stone  or  gravel.  The  tank  or  other  effluent  is  discharged 
into  the  filter  periodically,  fflling  the  voids  of  the  fflter  to  nearly  the  surface  of  the  stone.  It  is 
then  allowed  to  stand  in  ''contact"  for  a  period  of  an  hour  or  more  when  the  effluent  is  drawn 
off  for  final  disposal  or  further  treatment.  The  fflter  is  then  allowed  to  stand  empty  for  about 
6  hr.  when  it  is  again  filled  as  before.  These  fflters  are  used  principally  in  large  installations 
as  an  intermediate  process,  but  occasionally  have  been  used  for  small  installations,  such  as 
would  be  required  for  an  isolated  building,  factory,  or  institution.  The  effluent  from  a  contact 
fflter  or  bed  is  far  inferior  to  that  of  a  slow  sand  fflter  and  no  better  than  that  of  a  sprinkling 
fflter.  In  some  cases  where  extreme  purification  is  not  needed  and  where  there  is  not  sufficient 
head  to  operate  fflters  of  other  types,  thisffltermightprovetobethebestsolutionof  theproblem. 
The  rate  of  dosing  is  usually  about  0.6  million  gal.  per  acre  per  day  with  a  minimum  of  0.3 
and  a  maximujn  of  1.0  million  gal.  per  day.  These  beds  are  often  operated  in  series,  as  primary 
and  secondary. 

19c  Sprinkling  Filters. — ^The  sprinkling  fflter  is  one  of  the  newest  and  most 
satisfactory  types  of  fflters  where  an  effluent  of  medium  purity  is  satisfactory  for  further  dilu- 
tion in  a  stream  or  body  of  water. 

The  media  used  in  these  fflters  is  crushed  stone  or  gravel  from  ^  to  2}4  in.  in  size  and  in 
depth  of  5  to  10  ft.  The  rate  of  operation  varies  from  1.5  to  2.0  million  gal.  per  acre  per  day, 
depending  upon  the  character  of  the  applied  effluent  and  the  degree  of  purity  desired.  The 
removal  of  suspended  matter  and  the  stability  of  the  effluent  are  both  functions  of  the  depth 
of  the  fflter  and  the  rate  of  application.  The  treated  sewage  is  applied  iisually  by  means  of 
spray  nozzles  automatically  operated  from  a  syphon  chamber  in  which  one  or  more  automatic 
syphons  are  located.  The  rest  period  between  doses  need  be  only  a  few  minutes,  usually  15 
to  30.  From  4  to  9  ft.  of  head  is  required  to  operate  the  nozzles  satisfactorily,  which  in  some 
cases  is  a  great  objection  to  the  use  of  this  type  of  fflter  as  such  a  head,  together  with  the  fall 
through  the  fflter,  could  not  be  obtained  without  pumping.  There  is  considerable  odor  notice- 
able about  these  fflters,  due  to  the  spraying  of  a  foul  smelling  liquid  in  the  atmosphere.  They 
should,  therefore,  be  located  as  far  as  possible  from  inhabited  buildings.  This  type  of  fflter 
unloads  its  entrained  organic  matter  in  the  form  of  humus. 

The  unloading  may  take  place  at  frequent  intervala,  but  principally  in  the  spring  of  the  year.  If  there  ia  no 
provurion  made  for  catching  the  humus,  the  effluent  at  times  will  be  very  turbid  and  perhaps  putrescible.  It  is 
therefore  usual  to  provide  a  settling  tank  at  the  outlet  of  the  filters  in  which  the  humus  settle*  to  the  bottom. 
Such  a  reservoir  should  have  a  capacity  equal  to  the  voliime  of  a  3-hr.  flow.  The  humus  must  be  removed  fre- 
quently from  the  reservoir  as  it  is  highly  putrescible  and  would  gasify  in  a  short  time  and  pass  off  with  the  effluent 
if  allowed  to  remain  in  the  reservoir. 

19d.  Sub-surface  Filters. — The  sewage  from  many  isolated  residences,  factories, 
institutions,  etc.,  is  disposed  of  by  the  use  of  sub-surface  fflters  or  tile  drains  laid  in  loose  soils. 
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Some  preliminary  treatmeat  must  always  be  used  to  remove  &U  of  the  coarser  matters  and  as 
much  aa  possible  of  the  settleable  solids  which  might  eventnally  clog  the  tilra.  For  proper 
distribution  of  the  liquid  in  the  entire  system,  the  tiling  should  be  laid  on  very  slight  grades 
and  all  of  the  lateral  lines  should  be  on  the  same  grade.    The  liquid  should  not  be  allowed  to 

trickle  into  the  main  dis- 
tribution pipe,  but  should 
be  applied  in  doses  suffi- 
cient to  fill  the  system 
entirely  full.  This  can 
be  accomplished  by  the 
use  of  an  automatic 
syphon.  The  amount  (A 
tile  necessary  will  vary 
greatly  with  the  charac- 
ter of  the  eSuent  to  be 
handled  and  with  the 
character  of  the  soil 
Pin.  3.  absorbing  the  liquid,  but 

will  likely  vary  between 
10  and  60  ft.  of  4-in.  tile  per  capita  served. 

Wbere  aoil  Fondilioiu  uc  fivorable  snd  the 
may  be  ii>ed  to  adTsaUge  Cor  the  diapoul  of  tank 
for  abHrption  of  the  lliquid.  it  ia  Bometimea  neeeaa 
rormD(agub-aurfa«filter  (we  Hcs.  3,  4.  andS). 

OT.  Broad  Irrigation.— The 
broad  irrigation  process  conaiste 
in  irrigating  t^riculturat  land 
with  the  raw  sew^e  or  effluents 
from  preliminary  processes. 
This  process  can  b'e  very  satis- 
factorily usedin  localities  where 
the  ao^I  is  very  loose,  such  as 
sand  or  gravel  which  might  be 
found   in  some   of    the  warm 

climates.    The  method  of  ap-  p,n.  4. 

plication  is  by  wooden  troughs, 

pipes,  or  trenches  made  between  two  furrows.  The  latter  method  is  usual  where  crops  are 
raised  on  the  sewage  disposal  area. 

icre  per  day  for  a  stroag  aemage  and  relatively  fine  land. 


rJae-a«elober 

md  for  ia  relatively  anuU. 

(.eeng.  1).     In 

ocalitira  where  the  lubaoi 

ifldalty  comtrur 

aiubei^l  about  the  drain 

fnm  21.  United  States  Public  H«altta  Service 

Design. — ^Prof.  Earle  B.  Phelps  and  others  of 
the  Hygienic  Laboratory  of  the  United  States 
Public  Health  Service,  have  experimented  with 
a  new  type  of  plant  for  single  houses  or  small 
preliminary  report  they  describe  this  most  intereeting  design  in  part  as 
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laths  oi  adjacent  layers  bring  at  right  angles  to  eaeh  other,  and  those  of  the  same  layer  being  parallel  and  spaced 
with  clear  openings  of  3  in.  The  laths  of  alternate  layers  are  so  placed  that  they  will  come  over  the  centers  of  the 
open  spaces  in  the  Imrer  below.  A  filter  6  ft.  deep  yields  an  eflSuent  of  high  degree  of  oxidation^  and  one  3H  ft.  deep 
yields  an  effluent  sufficiently  oxidised  to  satisfy  the  requirements  of  most  situations.  A  total  filter  volume  of  8 
cu.  ft.  per  capita  is  required,  or  from  2hi  to  12H  8a1>  of  sewage  may  be  applied  to  1  eu.  ft.  per  day. 

The  distributor  consists  of  a  tip  trough  similar  to  those  used  in  rain  gages.  A  cross  section  of  this  device  is 
shown  in  Fig.  6.  The  trough  extends  entirely  across  the  filter  and  discharges  upon  tapering  boards  placed  upon  the 
surface  of  the  lath  filter.  As  each  compartment  becomes  nearly  full  the  device  is  overbalanced  and  tips,  rocking 
upon  the  supporting  knife  edge.  The  force  of  the  impact  is  sufficient  to  cause  the  sewage  to  pass  in  a  wave  to  the 
ends  ci  the  distributor  boards.  These  boards  are  so  tapered  that  the  distribution  over  the  entire  area  is  rendered 
quite  uniform.  The  performance  of  this  tilter  is*  much  superior  to  that  of  a  good  stone  sprinkling  filter.  In  6-ft. 
depths  with  subsequent  sedimentation,  it  is  approximately  equal  to  that  of  a  well  operated  sand  filter  2  ft.  deep. 
Comparable  results  of  this  filter  with  a  similar  one  of  stone  are  given  in  Table  4. 


Table  4. — Average  Performance  of  Lath  and  Stone  Filters 


I.ath 


Stone 


Rate  (m.g.a.d.) 

Relatives  stability  of  effluent  (percent) 

Reduction  of  biochemical  oxygen  demand  (percent.) 

Reduction  of  organic  nitrogen  (percent. ) .• . . 

Nitrogen  oxidised  (PPM.)  


2.90 

3.12 

93.0 

67.0 

80.0 

81.0 

55.0 

29.0 

4.7 

4.0 

if^lnktpp9 


FiQ.  6 


In  the  complete  design,  the  sewage  flows  from  the  Imhoff  tank  through  a  pipe  to  the  end  of  the  distributor 
trough,  and  theaoe  to  the  filters  as  above  described.  The  effluent  from  the  filter  is  again  passed  through  an  Imhoff 
tank  located  under  the  filter.  The  device  fulfills  in  a  most  practical  way  the  requirements  of  satisfactory  operation 
with  minimum  sui>erintendence. 

It  is  claimed  by  the  designers  that  a  plant  of  this  design,  capable  of  caring  for  10  people, 
can  be  built  for  $250.  The  degree  of  purification  effected  is  sufficient  for  all  purposes  except 
where  the  discharge  is  directly  into  a  water  supply,  in  which  case, 
chemical  disinfection  of  the  effiuent  is  recommended  in  addition. 
In  the  northern  sections  of  the  country  it  will  be  desirable  to  pro- 
vide heavy  plank  covers  for  protection  against  winter  weather. 
The  plant  will  operate  without  nuisance,  and  with  a  monthly  in- 
spection and  semi-annual  or  annual  removal  of  sludge  from  the 
tankSj  will  operate  continuously  without  further  attention. 

22.  Selection  of  Method  of  Treatment. — It  is  common  prac- 
tice to  discharge  sewage  and  other  wastes  into  large  bodies  of 

water  and  streams  where  such  are  available.  This  process  of  dilution,  while  correct  in  princi- 
ple where  properly  applied,  cannot  be  said  to  be  a  desirable  one  from  an  esthetic  or  sanitary 
standpoint.  The  installation  of  the  simplest  form  of  tank  treatment,  will  remove  the 
principal  objections  to  this  process  in  many  instances. 

The  choice  of  tank  design  is  not  always  an  easy  matter  to  decide.  Where  the  sewage  is 
fresh  and  not  broken  up  or  digested,  a  Dortmund  tank  followed  by  an  Imho£f,  as  shown  in  Fig.  7, 
should  give  most  excellent  results.  Where  a  large  factory  or  institution  is  to  be  served  and  the 
disposal  plant  is  not  a  great  distance  from  the  power  plant,  or  where  electric  current  for  power 
purposes  is  available,  the  plain  sedimentation  tank  with  separate  sludge  digestion  tanks  and 
air  lift  pumps  should  give  satisfactory  results  (see  Fig.  8). 

Where  the  body  of  water  or  stream  is  relatively  small  or  incapable  of  oxidising  the  effluent  to  a  stable  condition, 
the  tank  treatment  should  be  followed  by  some  method  of  filtration.  The  type  to  select  will  depend  upon  local 
conditions  as  to  final  disposal  and  the  amount  of  fall  available.  Where  a  partial  purification  will  suffice  and  there  is 
plenty  of  f allt  a  sprinkling  filter  will  prove  the  most  satisfactory,  but  under  the  same  conditions  with  small  fall,  a  con- 
tact filter  should  be  used. 

Where  there  is  no  body  of  water  or  stream  in  which  to  dispose  of  the  final  effluent,  it  must  be  disposed  of  under- 
ground by  subsurface  irrigation,  a  dry  well,  subsurface  filter  or  by  slow  sand  filters,  discharging  upon  the  ground, 
into  a  ditch,  dry  run,  or  ravine.     In  the  latter  case  the  effluent  must  be  practically  as  stable  as  any  surface  water. 


TDnble,  The  ■«]»■ 
■ernsl  in  the  lubirct. 
t  problem  cjumot  b« 
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Broad  irrigAtion  CAn  ba  aubatitutod  for  any  of  the  aboTe  metbods  when  oonditioni  ais  f 

Tbe  too  oommoa  praotiue  of  adopting  dilution  or  Hptio  tank  trestiD«Dt  without  study  of  tl 
rtcommeoded. 

33.  Inspection  and  Coatrol  of  Sewage  Disposal  Plants. — All  aew^e  di^xual  plants  should 
be  inspected  periodically.  The  length  of  time  between  inspection  will  depend  upon  the  charac- 
ter of  theplantandupon  the  d^reeof  purification  neceesary  to  prevent  a  nuisancebeing  created 
in  the  final  body  of  water  into  which  the  effluent  is  dischai^ed.    They  should  be  inspected  at 


least  every  three  months  and  the  oftener  the  better     Satisfactory  operation  may  be  judged  by 
s^ht,  smell,  physical,  chemical,  and  bacteriological  testa  and  andyses. 

Septic  Tarike. — A  relatively  clear,  light  colored  efBuent  with  littleor  no  odor  at  a  distance 
of  soft,  indicates  good  operation.  A  milky  or  light  creamy  colored  effluent  generally  indkatea 
that  too  fresh  sewage  is  leaving  the  tank.  This  condition  may  be  caused  by  the  tank  being 
too  small,  or  by  the  tank  being  loaded  with  slucfee  and  the  discharge  taking  placeby  a  short- 
cut passage  through  the  tank,  or  possibly  the  baffles  have  become  removed  aod  the  flow  is 
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direct  from  the  inlet  to  the  outlet.  If  the  effluent  is  dark  colored  and  contains  partictee  of 
black  humus,  the  tank  likely  needs  cleaning  as  it  is  either  now  discharging  more  organic  matt» 
than  comes  into  the  tank,  or  the  flow  into  the  tank  is  erratic  and  is  unduly  disturbing  the 
sludge. 

The  Temedia  that  nuy  be  applied  lor  theae  defeotive  oauditioni 
any;  reduce  eioeeaive  flow  into  tank,  if  poegible ;  make  aedimcotatioD 
to  delcrmina  ictuat  work  done  by  the  tank.     If  the  tank  ii  inauflieie 

At  eaoh  Inipection.  lata  with  poI«  ahould  be  made  Co  determis 
•nd  the  amount  of  acum.     See  that  flow  takei  pUoe  otct  lull  lencth  < 


i  chemical  and  baoteriolovical  anatyae* 

e.  build  another  compartment. 

It  of  (ludie  on  Che  bottom  <rf  the  tank 
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Imhoff  Tanks, — ^If  sew^age  is  extremely  fresh  when  it  enters  the  tank,  there  will  be  consider- 
able scum  on  the  tank  after  it  has  been  in  use  a  month  or  more.  This  should  not  be  allowed  to 
become  septic,  but  should  be  removed,  forced  under  liquid,  or  broken  up.  Violent  disturbance 
should  be  avoided.  If  effluent  is  dark  colored  with  black  humus  particles  entrained,  either  the 
slot  is  closed  or  the  settl cable  solids  have  collected  on  the  slopes  of  the  tank  and  are  becom- 
ing septic.  The  remedy  for  these  conditions  is  to  squeegee  the  slopes,  draw  off  the  sludge,  and 
inspect  the  slot  with  a  long  pole  or  rod.  If  gas  vents  are  foaming,  draw  off  sludge  or  remove 
any  scum  from  the  vents. 

Draw  off  lome  sludge  each  month  *nd  keep  the  sludge  looee  in  the  sludge  chamber  by  the  use  of  water  under 
preesure.     Make  sedimentation  tests  and  chemical  and  bacteriological  analyses,  quarterly  or  oftener. 

FiUera.—Qaxid  filters  must  be  dried  and  scraped  whenever  there  are  signs  of  clogging  .to  any 
large  extent.  Sprinkling  filter  nozzles  have  to  be  removed  from  time  to  time  to  keep  out 
matches,  corks,  etc.  When  the  filter  shows  signs  of  clogging,  remove  spray  nozzle  and  plug 
opening  for  a  whfle.    Humus  tank  under  filter  should  be  cleaned  out  frequently. 

Sub-surfaoe  filters  should  be  inspected  so  far  as  is  possible,  and  in  some  eases  dug  up  if  necessary,  to  determine 
the  cause  of  any  trouble  such  as  odor,  dogging,  putrescibility,  etc. 

Sedimentation  tasts  and  chemical  and  bacteriological  analyses  should  be  made  quarterly  or  oftener  if  a  high 
decree  of  purification  is  necessary. 


SECTION  4 
WATERLESS  TOILET  CONVENIENCES 
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By  Frank  R.  King 

1.  Outdoor  Privies. 

la.  Deep  Vault  Type. — In  localities  where  sewers  are  not  available,  where 
private  sewage  disposal  systems  are  not  practicable,  or  where  the  water  supply  is  derived  from 
shallow  surface  wells,  a  sanitary  privy  or  some  other  approved  type  of  toilet  is  essential  for  the 
safe  disposal  of  human  wastes. 

An  outdoor  privy  should  not  be  located  at  a  spot  such  that  liquids  from  the  vault  may  pass 

either  over  the  ground  surface  or  through  the 
ground.  Where  possible,  it  should  be  located 
at  least  100  to  150  ft.  from  the  nearest  surface 
well  or  spring,  and  no  water-tight  privy  vault 
should  be  located  within  10  ft.  of  any  cistern 
or  within  20  ft.  from  any  surface  water  supply 
used  for  drinking  purposes. 

It  cannot  safely  be  said  that  any  soil  within 
500  or  1000  ft.  of  an  open  vault,  privy,  or  cess- 
pool will  protect  a  shallow,  dug  or  drilled  well, 
or  spring,  from  pollution.  Any  soil  full  of 
seams,  a  porous  rock  or  one  full  of  crevices,  or 
a  very  coarse  gravel  may  allow  the  contents  of 
the  vault  or  cesspool  to  leach  to  the  nearby 
source  of  shallow  water  supply  with  little  or  no 
purification. 

The  privy  must  be  so  designed  and  con- 
structed that  it  can  be  kept  reasonably  clean 
and  in  a  sanitary  condition  without  too  much 
labor.  A  broom  or  service  closet  as  shown  in 
Fig.  1  should  be  provided. 

The  vault  or  pit  must  be  as  dark  as  pos- 
sible, of  adequate  depth,  and  extended  with 
suitable  material,  such  as  concrete  or  masonry 
work,  at  least  8  in.  above  the  surface  of  the  sur- 
rounding ground,  so  that  small  animals  and 
vermin  cannot  have  access  to  the  excreta,  and  it 
should  be  flyproof. 
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Fia.  1, — Floor  plan  of  a  ichool  privy. 


GENERAL  INFORMATIOlf  AND  SPECIFICATIONS  FOR  PRIVY  CONSTRUCTION 

F<mndait<m. — Foundation  or  supports  should  be  of  durable  construction,  and  when  not  a  part  of  the  vault 
should  be  extended  below  the  frost  line. 

Privy  VavJ^. — The  kind  of  vault  to  be  selected  depends  upon  the  following  conditions: 

(1)  The  location  of  the  privy  with  relation  to  wells,  driven  points,  springs,  streams  or  other  source  of  water 
supply. 

(2)  Capacity  of  vault  required  to  serve  existing  conditions  and  to  conform  with  the  type  of  floor  conatniQtion 
choaen  from  the  sketches  given. 

(3)  Character  and  stability  of  the  soil  into  which  the  vault  is  to  be  sunk. 

(4)  Character  of  the  material  most  suited  or  convenient  for  the  construction  of  the  vault,  such  aa  briok,  cement, 
or  tile  blocks,  or  stone  laid  in  mortar;  concrete  walls  with  the  bottom  left  open  to  the  soil  or  made  with  water-tight 
walls  and  bottom  \  or  wood  construction,  as  may  best  serve  the  existing  conditions. 
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«  eoutruiiMd  (or  perDiKDent  lervicc  oi  provided  with  SB  optnlna  tor  I 
imored  for  o]«DiD(  o[  vault  or  movad  to  %  now  locatioo. 

The  vault  abould  h>re  ■  muumum  inside  dimenaioii  of  at  leait  2  ft.  g  in.  uid  extend  the  lull  lenctli  a 
■honid  have  a  depth  at  trom  S  to  10  tt.,  dependinc  upon  the  charaeter  of  the  b<h1  and  siie  of  viult 
rtioulv  lituation  beat.  Vaolta  provided  aith  a  eover  For  deanini  purpoaee  muat  have  a  width  oil 
Ld..  int«rior  dimeiiaioiia»  aitend  tike  full  width  of  the  privy  and  be  providfd  with  an  aoeeeaapacet 
xn  Lfl  to  18  in.  vide  (FIcl  2  and  3). 

For  atinuttini  or  detErminiDc  the  capkdty  required  (or  i 

Capadly  of  VauU  Jor  ScKo^  BuiidiHt  Han*t  an  Ataati  A 
duet  or  add  ai  the  saee  may  be).— 

Amount  depoeited  per  child  tor  a  l-mo.  school  period,  approiimately  1  ^1. 

Total  depuit  per  child  for  ■  9-iiia.  Bchool  period.  S  gkl. 

Totaldepnitfor  Ifiehildren  (or  O-mo.  period,  138  fal. 

AraultuihowDinFic.  G,  2  [t.  Bio.  wide,  by  4  ft.  Bio.  loni.  by  eft.  0.  in. 


Fio.  2. — CroM  Metlon  throujih  Mat.  Fi(,  1.  Fia.  3.— Croia  aectian  through  urinal,  Fijt.  1. 

In  detemiiainc  or  atimating  the  length  of  time  >  ranlt  will  terve  without  cleaning  proper  altowanee  ihould  b« 
made  for  eTaporatioa.  eotl  abaorption,  eto.,  of  liquid  oontenti.  Tbia  dspenda  upoD  the  character  of  the  soil  and 
whether  the  aoil  ia  reaaonably  free  from  water.  Approximately  80%  of  the  depoaita  are  or  will  turn  into  liquid  by 
baeloial  action  and  decompoaition. 

ADCordin«ly.  a  vault  of  the  above  capacity,  looatad  and  eonatructad  to  permit  leachini  of  the  liquid  coatenta, 
•hould  aerve  from  12  to  18yr.  without  requiring  cleaning  out  of  the  contenti. 

A  vault  of  above  dimeDiiona  and  water-tiiht  conatruotion.  allowing  for  natural  elimination  of  liquids  by  ths 
procfas  gf  evaporation,  which  ia  enhanced  by  the  vault  ventilator,  will  require  removal  of  the  coDtenta  once  in  every 
Byr. 

Vault  capaeitiee  for  targer  priviee  should  be  estimated  iq  acoordanee  with  the  forecoing  information.  In 
muat  caaea  large  vaulta  are  preferable. 

Floor  Ditign.  XattnaU,  and  CoTUtncMim. — The  Soot  should  preferably  be  made  of  concrete,  tein(or»ed  with 
•lecl  rods  where  neccasary  {Fi^.  2  and  3].  The  top  coaling  should  be  applied  as  soon  m  pcasible  after  laying  the 
eoncrete.     If  for  any  reason  the  top  costinE  cannot  be  applied  until  the  concrete  ia  hard,  then  the  surface  muat  be 

dense,  rich  mixture,  oompoaed  of  one  part  Portland  cement  and  two  parts  sharp  laud  free  from  loam,  troweled  and 
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Aniahad  to  ft  ■mixith  lurfaoe  and  properly  cured.  Eqwriedoe  bM  proren  that  in  order  to  obtain  the  b#at  leaulta  for 
toilet  room  floon»  the  top  ooating  muit  be  kept  in  a  moiat  etate  by  proper  damp  coTwing  for  a  period  from  10  to 

Floora  ti  wood  floutruotioa  ahould  oonfurm  with  the  foUowinA  miniflium  reQiuTementa:  Joieta  should  be  Dot 

wall  aupport  exteodinc  acroea  rear  of  vault  oompoeed  of  tvo  3  X  S-iu.  joiatop  ooneUiiotod  in  aooordaaee  with  eroa 
Motion  of  privy  (hown.  The  floor  ihould  oonsist  of  1-in.  droaad.  matched  Soorini  fm  from  knota  and  other 
dfrfeola.  laid  ticht.  ic  a  vorkraanlike  taanoar,  and  kept  ireli-painted  and  in  aueh  oondition  aa  to  prevent  abwirptioa- 
A  double  thiDknss  of  flooriai  ia  recommended. 

Conttnutian  of  Floor  and  Seat  Xiwi.— The  floor,  wall  baH.  and  riacr  in  front  of  the  wata  ibould  be  made  of 

■mooth.  ooD-abaorbent  matrriat  which  can  ba  easily  cleaned  (Fi(.  2). 

When  wood  ia  used  «a  ■  aubitituta  fur  concrete  ia  tbe  eonatniction  (rf  fioon.  baao,  and  leat  riaer,  it  ahould  ba  id 
good  quality,  canatruetvdMihown,  and  well  protected  with  w»tcr-tiroof  paint  (Fig.  4). 

Wallt  0/  ShdUr-lunM. — The  frame  work  for  a  piivy  of  wood  oonatruction  ahould  conaiit  of  2  X  4  In.  atuddinga, 
dtaaaed  where  eiposed.  and  placed  u  indicated  on  the  floor  plan  on  orcn  Mctiona  ahown. 

Interior  walla  should  be  lined  with  dnned  Baariag  and 
eKt«riar  walls  covered  up  with  a  fair  grade  of  drcMed  ahiplap, 
drop  ^dtng,  or  a  high-grade  matched  flowing. 

Door,  windows,  (to.,  ihould  be  well  trimmed. 
The  whole  work  ihould  b«  eiaouted  lubatanlaallr,  in 
a  neat,  workmanlike  mannar.  with  partloular  regard  to  ei- 
cluding  rain  and  anow. 

Rnof. — The  privy  ahaltar-boiiaa  ahown  in  aketchta  is  to 
be  provided  with  a  roof  of  ordinary  aubatantiaJ  wood  con- 
■truction.  consisting  of  1  X  4^.  rafters,  2  ft.  on  eanten. 
roof  boards  and  cornice,  and  eoveisd  with  a  good  quality 
of  wood  ihinglcB.  or  other  adequate  roofing  material  so  con- 


BsH  Troualu.- 

-The  roof  ahould  have  save  trough*  of 

Bufficient  >iie  and  s 

on  the  aketchc,  ag 

door,  and  vault  cover. 

WindoiM.— Th 

uld  be  at  leaat  4  aq.  ft.  and  2  sq.  ft.  addi- 

tional  for  each  addi 

Jonal  leat.     Two  feet  of  urinal  space  i* 

equivalent  to  one  scat.     Th»e  windows  should  be  hinged  at 

the  bottom  *o  as  U 

Bwiag  inward,  and  be  provided  with  a 

auiUblaUUh  look 

at  the  lop   and  a  tranaom  rod  or  abort 

window.     Window*  should  be  so  con- 

can  be  opened  to  give  adequate  rentila- 

Dwr.— Tha  dooi  ahould  be  at  l»at  \H  in,  thick,  from  2 

ft  4  in.  to  2  ft.  8  ia 

wide,  and  from  fl  f t.  0  in.  to  7  ft.  high; 

hung  with  aubatan 

tial  hingea  and  provided  with  lock  and 

,       kef.     A  reliable  ae 
'^       thedoor..uchasa 

I-cloaing  device  should  be  provided  for 

pringor  houacd-in  weight. 

PartiKoiur.— Se 

ed  St  bottom  and  top.  and  not  ka  than 

tha  floor.     AepaoeoflOto 

12  in.  ahould  be  left  between  the  floor 

a  to  have  back  and  ends  or  w 

alls  to  ^ve  privacy. 

of  employment  or  aimilar  p 

nsl  for  every  40  males.     Fo 

Bchoola.  nnn  aeat  for  every  20  femalo  or 

6  f t.  e  in..  DOT  more  than  fl  ft.  in  heiaht  froj 

Elach  urinal  trough  abould  be  so  located 

Numitr  efSiatt  ond  [/nnofa— -For  plac 
for  every  20  fenisl»,  and  one  g«t  and  one  t 
f  taction,  eicept  tor  grammu  and  primary  irade*,  whe 

to  one  unnal. 

Btalt. — The  seats  for  each  privy  ihould  be  made  of  wood  painted  and  vamiifaed  to  make  them  impwiona  to 
mcHstuic.  and  may  be  provided  with  tight-fltting  covers. 

Seat  openinga  ahould  be  S  X  10  in.,  oval  in  shape,  and  ahould  begin  3>j  In,  from  the  front  or  seat  riser  <,T\f.  1). 

(/rinola. — The  urinal  sbowa  in  Figs.  1  and  3  should  be  dceignett  and  ccnatructed  of  material*  and  in  a  mannei 

made  of  concrete,  a  rich  □emcnt-finiahcd,  smooth  facing,  aaphaltun-coated,  must  be  provided.  Whan  made 
of  wood,  ths  walla,  ends,  and  floor  must  be  provided  with  a  No.  24  galvanised  Iron  (or  heavier)  facing,  and  be 
aaphaltum  coated. 

To  make  a  concnte  urinal  non-absorbent  the  foUowing  i*  required:  A  top  coating  K  in.  thick,  o(  a  danaa,  riah 


t  iiaoDth  *at1±a 
ructHuy.  (An  BBptultiim  soatii 
Vtntilation  o!  Vavit  md  SMI 
vhich  Hhould  hAVft  aq  ojHtiim 
Thi>  vent  pip*  almuld  eiMad  u 
■IrueUd  of  wood  cu  No.  Mgalva 

TFDtiUtoc  b*     squipped    with   i 
nud  MMUt  down-dtalU     (Ad 
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:  can  be  applied  euceeMlully  only  on 
-Anue. — The  epacs  under  the  KiU  i! 
In.  •quve  for  amy  aquara  yard 
ward  from  tha  vault  Uirau#h  and 
iied  sheet  iroo.     Thui  a  tira-«e*t  pr 


nd  finiibad  to 

perfectly  dry  rurfaoe.) 
luld  be  TentiUted  by  a  vent  pipe  (Fis.  3), 
r  major  part  thereof  of  the  vault  IL 


'  ahould  have 


<  13  in. 


uivalent 


1   with  a  bood  at  the 
ther  type 


whiefa  will  promote  the  ventilation.) 

Stnicc  at  Broom  Cloil. — The  aervioe  eloaat  ahould  be 
■ubilantiall]'  buiH  of  dreaaed  lumber,  well  braced,  and  pro- 
vided with  floor,  eeiliiic,  door,  and  ample  abelvint,  AapaM 
(rom  e  to  12  in.  ahould  be  left  between  the  floor  and  the 
bottom  of  the  cabinet.  The  top  of  the  cabinet  should  be 
not  hifher  than  7  ft.  above  the  privy  floor.  Thia  eloeet 
•hoold  be  equipped  with  broom,  map,  buokat,  aoap,  toilvt 
paper,  lima  or  othar  diaiafectwit,  and  any  other  materials 
Daocaaarv  for  toaintaininc  the  toilet  in  a  sanitary  condition. 

StUraiKt  ^cTKn.^The  entrance  to  the  pi^vy  should  be 
provided  with  an  adequate  aernen  of  wood,  metal,  ol  its 
equivalent,  as  placed  aa  to  abut  off  the  interior  view.  Thia 
•ereea  may  be  of  wood  lattice  oonstruction  supported  by  poaU  and  sabatantially  anchored,  A  spaoe  from  6  to 
12  In.  should  ba  left  between  the  (round  and  the  bottom  ol  the  sereen.  The  top  of  the  screen  ahould  be  from 
SH  to  6  ft.  above  the  eurfaca  of  the  (round. 

Painting  of  Woodtn  Prmar—Tbe  eitnior  of  priviia  of  wood  coDstniclion  should  be  well  painted,  and  the 
Intetior  walla.  pBrtitions,  and  cailinca  should  be  well  covered  with  non-sbaorbent  whiteorlifht  gray  paint. 

Dt*ignMian  of  Stff. — Each  privy  should  be  distinctly  marked   with  regard  to  the  Bex  using  it,   and  no 

lb.  Earth    Excanitloii    or    Pit    Type. — Where    the    ground    has    sufficient 
Btabilitf  to  prevent  caving  in,  the  earth  pit  (Fig.  6),  properly  protected  near  the  surface  of  the 


— Earth  pit  type. 


FiQ.  S.— Large  vault. 


Fia.  1 


ground,  may  under  favorable  conditions  successfully  be  substituted  for  the  permanent  type 
of  vaidt.  Ita  advantages  are  simplicity  of  construction  and  the  easy  removal  of  the  sheltei^ 
house  to  a  new  location  and  pit;  the  disadvantages  are  its  unsuitability  in  low  or  swampy  lands, 
in  soil  not  free  from  water  or  of  seamy  clay  or  rock  formation,  or  where  there  is  danger  of  pol- 
luting surrauuding  soil  or  wat«r  supplies.  For  other  particulars  consult  vault  requirements  in 
the  preceding  article. 
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Ic.  Water-tight  Vault  Type. — ^The  design  and  construction  of  this  type  of  privy 
are  in  every  particular  the  same  as  those  of  the  deep  vault,  except  that  the  vault  is  of  water-tight 
construction  (Figs.  3  and  6). 

The  vault  content  of  this  type  is  in  most  cases  found  in  a  semi-liquid  state  except  where 
each  successive  deposit  is  covered  by  a  layer  of  ashes,  lime,  or  dry  earth.  Contents  must  be 
removed  at  more  frequent  intervals  than  required  with  the  soil  absorption  type.  The  use  of 
this  privy  is  now  generally  required  wherever  there  is  danger  of  contaminating  a  drinking  water 
supply. 

Id,  Septic  Privy  {Commonly  known  as  the  L,  R,  S.  tyi>e), — ^The  so-called 
septic  privy  consists  of  a  tank  usually  having  two  or  more  compartments  of  substantial  water- 
tight construction,  each  of  a  certain  required  capacity.  The  first  compartment,  or  receiving 
chamber,  is  situated  below  the  seat  opening.  The  tank  is  provided  with  one  or  more  manholes 
so  placed  that  the  interior  is  made  accessible  for  cleaning.  Baffle  walls  and  inverted  outlets 
are  so  placed  and  constructed  as  to  allow  the  liquids  to  pass  over  to  the  disposal  unit  (Fig.  7). 

Capacity  and  Depth, — The  size  of  the  compartments  should  be  based  on  the  number  of 
persons  using  the  privy.  The  first  compartment  (the  liquidation  and  sedimentation  chamber) 
should  have  a  minimum  capacity  below  the  water  line  of  at  least  25  gal.  per  person  using  the 
privy,  but  in  no  case  should  the  liquid  contents  capacity  of  the  first  compartment  be  less  than 
100  gal.  and  the  depth  less  than  36  in.  The  second  compartment  (liquid  effluent  chamber) 
should  have  a  minimum  capacity  of  6  gal.  per  person,  but  in  no  case  less  than  50  gaL 

Capacities  and  dimensions  in  accordance  with  the  following  table  are  considered  good 
practice  to  follow : 


Number  of  per- 
sons using 
privy 

Capacity  of  first 
chamber  below 

waterline 

(gallons) 

Capacity  of  second 

comp't  below 

waterline 

(gallons) 

Volume  depth 
(inches) 

Distance  above 

waterline 

(inches) 

Combined  length 

of  absorption 

trenches 

(feet) 

6 
10 
15 

125 
200 
276 

50 

75 

100 

36 
40 
40 

12 
to 
24 

20  to  30 
30  to  40 
40  to  50 

(Pi«.  7) 

Disposal  of  the  Effluent. — Disposal  of  the  liquid  flowing  from  the  second  compartment  is 
effected  by  means  of  soil  absorption  in  a  manner  similar  to  the  disposal  of  effluent  from  resi- 
dential septic  tanks,  or  as  described  in  Art.  2  relating  to  chemical  closet  tank  contents  dis- 
posal. Owing  to  the  comparatively  small  amount  of  liquid  to  be  disposed  of,  a'  much  less 
amount  of  drain  tile  or  trench  is  required. 

Operation. — It  is  obvious  that,  although  by  bacterial  action  the  septic  privy  changes  the 
major  part  of  solid  wastes  into  liquid,  the  liquid  and  solid  wastes  still  are  as  dangerous  to 
health  as  is  the  original  fecal  matter.  Care  must  be  exercised,  therefore,  in  their  disposal  and 
the  system  operated  in  accordance  with  the  principles  under  which  the  system  functions, 
namely : 


1.  On  the  completion  of  the  system  or  before  it  is  placed  in  use,  the  vault  must  be  filled  with  water  (prefer- 
ably rain  water). 

2.  Water  must  be  added  at  frequent  and  regular  intervals  so  as  to  maintain  an  approximately  fixed  water  level. 
Five  or  more  gallons  per  week  are  usually  required,  depending  on  the  sise  of  the  vault  and  the  degree  of  loss  by 
evaporation. 

3.  Sludge  or  residue  must  be  removed  from  the  bottom  of  the  vault  whenever  it  rises  to  exceed  a  depth  of 
one-fourth  of  the  liquid  contents. 

4.  Heavy  surface  scum  must  be  broken  up  at  intervals  and  allowed  to  bettle. 

5.  All  material  other  than  fecal  matter,  toilet  paper,  and  water  must  be  excluded. 

0.  Disinfeotors,  deodorisers,  and  other  chemicals  must  be  excluded  because  they  retard  materially  bacterial 
action  and  liquidation. 
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In  oonnection  with  public  places,  the  foregoing  maintenance  principles  generally  must  be 
followed.  It  is  obvious,  therefore,  that  this  type  of  privy  is  not  suitable  for  public  or  semi- 
public  buildings. 

The  principal  intlatlaUon  faclorg  that  require  obBervanoe  are : 

Location  of  the  privy  irith  irtmoct  to  >ourc«a  of  wmt«r  lupply. 

Cbancttt  of  the  (oil  u  to  rBeOivt  and  aafe  diapqakt  of  t*nk  efflD»nt. 

D»i(a  aad  capacity. 

Watw-tiBbt  vaull. 

Effeotire  vault  ventilation. 

Climatic  conditions  (protntion  againat  (roat,  rtc). 

Hcrular  and  Byatema^c  maiatenanee. 

It  ia  claimed  that  this  type  of  privy,  under  suitable  climatic  and  certain  other  favorable 
eonditions,  has  some  advantages  over  the  common  type.  Its  satisfactory  operation  under  all 
conditions  has  not  as  yet  been  established,  nor  has  it  been  proven  that  it  makes  for  a  reduced 
cost,  less  care,  or  a  safer  disposal  of  the  vault  contents. 

le.  ConmiercUl  Septic  Privy. — Various  makes  of  this  type  can  be  found  in  the 
market,  simUar  in  principle  of  operation,  deugn,  and  construction  to  the  septic  privy  previously 
described. 

1/.  Removable  Bucket  or  Receptacle  Type.— A  privy  of  this  design  differs  from 
the  other  types  treated  only  insofar  as  it  is 
equipped  with  a  removable,  water-tight  bucket 
or  larger  receptacle  tor  receiving  the  fecal  de- 
posits, rather  than  with  an  imderground  con- 
tainer of  other  vault  types  previously  described 
(Rg.  8 ). 

The  advantages  of  the  removable  bucket  ^ 
privy  are:  (1)  It  may  be  erected  and  removed 
quickly;  (2)  it  involves  a  low  initial  cost;  and 
(3)  when  effectively  operated,'  it  guards  agamst 
pollution  of  the  surrounding  surface,  soil,  or  „     =     „    . 

•^^  ,.  "^  <  ,  j.„   8.— Bucket  type  pn»y. 

water  supplies. 

The  disadvantages  are;  (1)  Its  capacity  is  limited  according  to  the  size  of  the  receptacle 
and  the  number  of  users,  thus  requiring  regular  and  frequent  attention.  Generally  this  degree 
of  care  is  not  given,  resulting  in  overflowing  vaults  and  highly  dangerous  conditions.  (2) 
Deposits  are  more  accessible  to  flies  and  vermin  than  in  any  of  the  other  types  of  privies  des- 
cribed. (3)  The  deposits  are  more  subject  to  sun  heat  than  those  in  deep  vaults,  thus  intens- 
ifyii^  putrefaction  and  fermentation  and  causing  offensive  odors.  (4)  In  cold  climates  the 
bucket  contents  are  subject  to  frost,  making  satisfactory  removal  more  difficult. 

Important  requirements  relating  to  design,  construction,  use,  and  maintenance  include 
the  following: 

1.  It  i*  highly  SMcntial  that  the  encloaure  or  box  hounni  the  dcpogit  containen.  bucket,  or  other  receptacle 
be  made  fly-proof,  and  buitt  oo  that  the  oontainere  («n  tewliJy  be  removed  and  replaced. 

3.  That  thii  privy  have  two  or  more  seata.  each  provided  with  ■  receptaelc. 

3.  That  the  reeeptaeka  and  houaing  endoaure  be  bo  deeiiued  that  all  parta  ran  be  maintain«)  in  s  unitary 
eoDititioD  with  a  minimum  amount  of  eBott. 

1.  That  theaeat  ooveta  be  aelf-claainK  and  the  openings  properly  dwi^ned  and  ranetrurted  with  relation  lo 
the  location  of  the  bucket,  pail,  or  larcer  receptacle  uied. 

5.  That  the  receptaclta  bs  of  proper  deHiin,  kind,  weisht  and  quality  and  of  nater-tiKht  oonatruotion. 

e.  That  the  reccptactea  muit  be  ID  located  and  fitted  belcw  tbeleatopeninsB  that  (hey  will  reoeive  all  the  de- 
pcaita  without  BpattcriDs  upon  adjacent  Burfacea. 

7.  That  Batiafactory  raeani  tor  roEular  diepoaal  of  the  depaita  be  provided. 

S.  This  type  of  privy,  beinc  affected  by  elimatie  conditionn  (heat  and  coldj.  it  ia  CHential  that  during  worm 
weather  each  aueoeaaive  depoait  of  fecal  matter  be  covered  with  a  Uy*r  ol  dry  earth  in  order  to  abaorb  moisture 
and  reduce  odora. 

6    That  the  privy  entrance  door  be  aelf-cloeinc. 

10.  Wherever  ptactical,  the  rear  of  the  privy  ihould  [ace  the  north  or  northwest  in  order  to  avoid  Ihs  rayi  of 
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vent  pipe  eitcoding  from  tbe  buckst  enctosim  to  ■ 

This  type  of  privy  usually  proves  unBatisfactory  in  respect  to  service  and  comfort  in 
that  it  requires  more  care  than  the  average  individual  is  disposed  to  bestow  upon  it.     If  it  i« 
to  render  a  reasonable  degree  of  adequate  service  and  prove  safe  for  the  public,  it  must  be 
under  the  direct  supervision  of  a  highly  devel- 
oped, effective,   community  scavenger  service 
system. 

Ig.  Double    Compartment, 

Alternating   Use,  Shallow,  Watet-tiKht  Vault 

Type. — This  type  of  privy  must  always  have 

two  or  more  seats,  each  provided  with  a  eep*- 

rate  vault  of  sufficient  capacity  to  allow  for  a 

BIX  mouths'  or  longer  rest  period  for  the  vault 

deposits,  which  is  accomplished  by  alternating 

Fid. 0.— EhmllowvsuH trpa priiy.  use.    The  fecal  deposits   are  thus  seasoned, 

making  the  final  disposal  of  the  residue  less 

dangerous  and  objectionable.    The  alternating  method  of  use  to  promote  the  seasoning  of 

the  vault  contents  still  is  in  the  experimental  stage.     Experience  with  park,   fair^^unds,  and 

umilar  vaults  unused  for  a  considerable  time  (often  six  months  or  longer),  has  demonstrated, 

through  the  rest  period  thus  gained,  that  the  objectionable  odors  usually  prevailing  in  and 

around  the  vaults  can  be  to  a  large  eictent  eliminated. 

Thia  trpc  of  privy  Bbould  be  aptntod  m  &  dry  tkuII,  wblsh  »n  be  done  by  eoTerius  neb  depoait  wilb  dry 
cM-th.  lime,  or  Mb.  or  *  miiture  of  eitber  of  ttase,  or  it  may  be  operated  m  uy  otber  rammon  vault     It  aboold  be 


Operation  PrecautiaTii. — Nothing  but  fecal  deposits, 
toilet  paper,  or  earth,  lime,  or  ashes  used  for  covering 
deposits  should  be  allowed  to  enter  the  vault,  and  an 
adequate  quantity  of  this  material  should  be  used  to 
maintain  the  vault  in  a  semi-dry  state.  Before  the 
vault  has  been  used,  and  after  its  cleaning,  a  layer  of 
horse  manure  2  in.  thick  should  be  placed  on  the  bottom 
of  the  vault,  and  this  followed  by  a  layer  of  dry  earth 
mixed  witb  lime  to  a  depth  of  2  in.  This  will  aid  materi- 
ally in  the  decomposition  of  the  contents.  The  resting 
compartment  must  not  be  used  during  the  seasoning 
period,  and  e&ective  vault  ventilation  must  be 
maintained. 

a.  Chemical  Closets  (Tjfp«:  Boui  and  Tank). — A 
chemical  closet  system  consists  of  a  vitreous  china, 
trapless  bowl,  equipped  with  a  hinged  seat  and  cover, 

similar  in  design  and  dimensions  to  the  railroad  coach     „       ,„ „ _.i     -y  u  ... 

I        I       T       .■™.         »  ,  ,  n     ■      ,  i        ,      ^"'-  '"■ — CroMiectlonofebenuealcIowt. 

Dowl.     It   diners  from  the  modem  water-nuBbea  bowl 

in  its  design,  is  larger,  and  lacks  the  water-sealed  foul-air-cxcluding  trap. 

The  urinal  in  the  chemical  closet  as  now  constructed  is  of  the  lip  or  trough  type,  and  the 
trap  is  omitted  similar  to  the  water-flushed  trough  or  Up  patterns.  Deposits  in  the  bowl  or 
urinal  are  conveyed  through  an  untrapped  metal  tube  or  pipe  to  an  iron  tank  and  retained  in  a 
strong  chemical  solution  for  sterilization  and  deodorization.  Removing  of  offensive  odors 
emanating  from  the  tank,  bowl,  urinal  and  room  is  sought  by  extending  from  these  units  a 
vent  pipe  of  metal  construction  within  the  building  and  through  and  brought  above  the  highest 
point  of  the  roof. 
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Liquefaction  and  BtenliMtion'  of  fecal  mattfir  and  iU  deodoriiatiou  are  acoomplitihed  to  a 
marked  d^ree  by  the  action  of  the  caustic  soda  solution  with  which  the  tank  is  charged  to  about 
iMie-fifth  of  its  capacity.  Removal  and  recharging  of  the  tank  contents  are  required  about 
every  6  mo.  (Fig.  10). 

Chemical  closets,  frequently  defined  as  "waterless  toilets, "  are  still  in  the  early  stages  of 
succeesful  devclopmant.  The  degree  of  satisfactory  service  this  type  of  closet  will  render  de- 
pends, obviously,  upon  the  specific  conditions  existing,  as  well  as  upon  the  type  or  make  of  the 
^Btem,  the  manner  of  installation,  'As  use  by  the  individual,  and  the  care  given  it.  like  other 
types  of  waterless  conveniences,  chemical  closets  do  not  afford  supplementary  sanitary  aids,  such 
as  running  drinking  water,  bathing  or  washing  facilities,  and  to  this  extent,  where  other  condi- 
tions are  equal,  they  are  deficient  when  compared  with  water-fiushed  toilets,  so  far  as  they  con- 
tribute to  personal  convenience,  comfort,  hygiene,  and  general  sanitation. 


Fio.  II.— Chemial  cloaet  inrtallation. 

In  localities  where  public  water  supply  or  sewerage  systems  are  not  aviulable,  or  where  aa 

efficient  private  water  supply  system  of  the  "compressed  air  storage"  or  "air  pressure  delivery" 
type  or  its  equivalent  cannot  reasonably  be  provided  and  maintained,  or  where  the  lay  of  the 
land  and  character  of  the  soil  are  such  that  the  effiuent  from  asewage  treatment  tank  cannot  suc- 
cessfully be  disposed  of  by  one  of  the  variously  known  methods,  a  chemical  closet  conforming 
with  the  minimum  requirements  outlined  in  this  chapter  may,  in  some  instances,  and  under 
certain  favorable  conditions,  give  a  degree  of  satisfaction. 

The  majority  of  states  and  smaller  municipalities  have  no  regulations  prohibiting  use  of  the 
chemical  closet  except  where  public  sewer  and  water  services  are  available.  A  few  states  grant 
permissian  to  install  such  closets  under  permits,  subject  to  rules  and  regulations.  Character 
of  the  premises,  kind  of  building,  purpose  for  which  it  is  to  be  used,  type  of  system  and  method 
of  installation  are  all  taken  into  consideration  in  passing  upon  the  approval  of  the  installation. 
Ingrantingpermissionthestateorlocalgovemingbody  usually  makes  it  plain  in  the  permit  that 
it  does  not  assume  responsibihty  for  the  satisfactory  operation  of  the  installation  in  whole  or  in 
part,  and  that  it  reservesthe  right  to  orderthe  removal  of  thesystem  should  conditionsdangerous 
to  health  arise  through  its  use. 

In  order  to  insure  a  proper  degree  of  comfort,  safety,  and  sanitation,  the  installation  should 
conform  in  every  respect  with  the  federal,  state,  and  local  requirements  relating  to  (I)  number 


1  Purifiaiticii  Uu 
mrd»tice  with  the  dej 
inc  boja  l««l  Mid  ui 


it  the  phenol  cocSoieiit  of  ths  Dhemioal  eolutian,  which  ia  nibieot  to  deterioration  retolt- 
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and  kind  of  fixtures,  <2)  "  housing  "design  of  CDoloeure,  (3)  atandarda  of  eoiurtruciioD,  (4)  kind  of 
materials  for  floor,  walls,  and  partitions,  (5)  effective  room  ventilation  tlirough  exterior  windom 
and  vent  flues  (as  the  case  may  require),  (6)  adequate  light,  (7)  proper  location  with  regard  to 
convenience  and  privacy,  and  (8)  its  maintenance,  as  demanded  by  the  special  make  of  closet 
and  appliances  to  be  adopted  (Fig.  11).  In  the  main  these  essential  requirements  conform  with 
those  for  water-flushed  toilets. 

The  materials  entering  into  the  various  units  comprising  the  system,  must  be  of  proper 
design  and  durable  construction,  and  BO  installed  and  maintained  that  the  highest  possible  degree 
of  efficiency  is  insured: 

Tant.-—Tbe  Unk  ehould  be  cylintliiFkl  or  oval  in  farm  mid  he  mitdF  of  dunble.  b«t  mdo  iron  or  aUisI,  not 
Ins  than  No,  14  (age.  thoroughly  ookted  on  the  outaids  with  tai  or  Mphkltum.  applwd  hot.  or  with  other  ap- 
pioved  compDunda.  The  eiturior  ol  the  tank  whtre  nut  BipoBni  ihauld  further  be  prateclsd  by  two  or  more 
coato  of  burlap,  each  laid  in  hot  tar  or  aophaltum,  or  same  other  efEcisnt  waterproof  coverinc. 

It  is  ooQiidsred  good  praeticQ  to  r«qmr« 

Ihat  the  operatiDg  oapaoity  of  the  tank  for  a 

r4  siucla-bairl  installation  for  etdiaarr  <■«  bs 

I  I  from  136  to  160  (al.  and  iorreasHl  in  the  ratio 

^'-^^--^  of  too  to  12G  lal.  for  each  additional  bowl  or 

urinal.     For  Khool  buildioc  OM,  the  tank 

oapamty  ahould  not  be  leaa  than  10  tal.  par 

pu[H]  baaed  on  a  t  moDth*  sobool  period. 

Occupational   use   of  tha  building  and 

tenta  and  tha  care  of  the  syitem  are  factors 

It  is  important  to  have  opeiungs  pro- 
perly apaoed  with  relation  to  all  fiiturea 
toibutaryr  and  that  joints  and  eonnectioiia 
subject  to  liquid  action  be  mads  pnqwrly  by 

UriaoJ.— In  order  to  render  any  decrer  td 
■atialactaTy  sen-ice,  the  urinal  must  be  of  a 
high  grade  in  deaijiD  and  ooostniction,  surh 

lent  material,  of  the  bowl  or  pedestal  type 
•quipped  with  a  hand  n  foot  operated 
coTSTi  or  aa  shown  in  Fig.  12,  set  flush  with 
the  floor  and  extend  upward  to  a  hei^t  from 
4  to  S  ft.  It  should  be  provided  with  an 
IT  type.  integral  lipped  bottom,  side  shields,  back, 
hooded  U>p,  vent  and  drain  CDDneotions.  The 
oom  should  be  graded  towarda  and  into  the   urinal.     Cars  as  needed  and  efleative  ventilation  by 

be, — The  connecting  or  drop  tube  between  the  bowl  and  tank  must  be  free  from  offsets.     It  is  rrnm- 
it  be  1 1  or  la  in.  in  diameter  and  not  more  than  4  ft,  long  lihorter  where  prMticahle),  and  that  it 

ioQ  include  copper,  lead,  brass,  cast  iron  enameled  on  the  inside,  or  some  other  non-absorbent,  smooth 
ndestructible  material, 

ft  ftoni  the  urinal  ihould  b«  equipped  with  a  removable  bee  hive  strainer.     Connecting  drain  matei^ 
.nd  ifuality.  sa  direct  as  possible,  and  the  inside  made  aoeeaaible  for  the 
means  of  cleacout  pluca  properly  placed  (Fig,  13). 
All  waste  carrying  tank  inlets  should  extend  into  the  tank  froni  1  to  2  in,  so  M  to  convey  urine  directly  to  the 
chemical  solution  or  the  tank's  liquid  contents, 

Vimlilatian.~ThB  ventilstiun  eyetem  ehould  be  so  designed  that  it  will  prove  eflective  under  speeiBc  condi- 
tions. For  a  single  fixture  a  pipe  of  4-in,  dimeniiun  or  larger  (and  oomspondingly  large  for  additional  filturra), 
tree  from  boriiontal  changts  in  direction,  usually  is  extended  within  the  building  to  the  ueartat  hich  paint.d  the 
building,  carried  through  the  roof  two  or  more  feet,  and  the  vent  terminal  surmounted  with  an  effective  vent 
hood  of  the  siphonic  action  type.  Or  if  desired,  forced  ventilatjon  by  means  of  motive  power  or  heator  may  be 
adopted. 

The  material  and  joints  used  for  venUlatisg  devioea  should  be  aubalantial  and  of  a  qtwUty  capable  af  with- 
standing the  action  of  moisture  and  gases  emanating  from  the  fixtures  and  tank, 

tilation  through  the  oloaet  bowl  in  addition  to  satisfactory  ventilation  of  the  interreoiDg  room,  sometlmta  tenoed 
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AeUator. — Th«  MJUktor,  or  uak  ooBlaoU  miisr,  mult  be 
a  locmted,  daitned,  uid  imUllHl  tlut  it  may  at  lil  tima  b« 

JaiitU. — JoiDti  betwsen  the  bowl  and  drop  tubs  sod  bet 
hould  be  mftdfl  [d  %  duiBbls  mBiiner,  ma-  atid  wmter-tiglit. 

VoJH  and  I>rat<i.— The  tuk  ■hould  be  provided  with  %a  Hoesibl 
nin.     Uneipowd  tanki  ihould  be  equipped  with  lui table  vslne  pUced 

aide  diameter.     Drain  vatvM  pJacad  ouUide  the  tanii  ahonld  be  o[  ■ 


>per  deaign  and  eubetantiaUy  eooatrueted.  apd 

TiiButly  and  effectively  operatad. 

the  tank  and  drop  tube,  and  all  other  joiota, 

Bsible  water-tight  valTe  ttontroQinc  the  ouUet 
ritfajD  the  tank  direeti;  tienealli  the  clean- 
1  in.,  and  uBeipoied  drain  leaa  than  4  in., 
■lie  equal  to  the  iniide  diameter  of  the 


Matt  tilt  ar1)K 
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drain  outlet.     Th 

drain  .hould  be  allac 

htd  to  the  tank  by 
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IhTMdnt  for  4-in. 
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n^rwl— TbeayeUmn 

uat  be  BO  iutalled  that  an 
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Dupsul  »/  CimCmla.— With  certain 

ta 

one  or  the  followi 

1.  Pumpin«o 

T  dippint  and  haulini  ■ 

nbye- 

[  aervice  and  aanitation.  e 

in  the  private  hoi 

I.  By  mean. 

neh  {Fi,.  1J>  or  a 

r'omhin 

rd 

proptrly  lorated.  draiined,  and  conatruc 
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ped  with  a  6-ln.  or  lArger  drain  tile  with  jointa  H  i^*  apart,  laid  at  a  grade  of  H  to  H  i^^'  ^  the  foot.  The  oubio 
contents  capacity  of  the  tile  should  be  equal  to  the  tank  volume  to  be  discharged.  The  period  of  satisfactory 
operation  for  a  trench  thus  made  depends  upon  the  character  of  the  soil  and  the  amount  of  solids  or  suspended 
matter  contained  in  the  liquid  waste  discharged.  Existing  conditions  relative  to  wells,  springs,  streams,  or  other 
sources  of  water  supply,  or  likely  to  create  objectionable  situations,  must  all  receive  careful  attention. 

3.  By  discharging  into  a  dry  wdl  or  leaching  basin  (Fig.  136)  consisting  of  an  underground  chamber  or  well 
provided  with  a  manhole  and  cover,  walled  up  with  material  allowing  the  liquids  to  percolate  through  it,  auch 
as  dry  rubble  or  brick  wrok.  -  The  capacity  should  be  at  least  2  to  5  times  that  of  the  tank  contents  volume.  The 
lower  limit  is  to  be  taken  for  clay  or  compact  soil  and  the  upper  limit  for  sand,  gravel,  or  equal  soil,  or  by  means 
of  a  combination  trench  and  dry  well  (Fig.  IZe).  The  more  important  requirements  which  must  be  taken  into 
account  are  the  lay  of  the  land,  character  of  the  soil,  amount  of  liquid,  character  of  waste  to  be  disposed  of. 
location  with  respect  to  wells  or  other  water  supply  sources,  and  grade  (not  less  than  H  i°>  per  ft.)  of  the  drain 
from  the  tank  to  the  basin. 

AeceMibility. — The  deanout  opening  of  the  tank  should  be  so  located,  and  where  practicable  the  tank  so  en- 
eased,  that  access  to  it  for  insftection  purposes  may  be  readily  poesible.  When  the  cleanout  is  placed  outside  the 
building,  it  should  have  a  concrete  manhole  and  cover. 

Tank  deanouts  should  not  be  placed  within  the  building  when  it  is  proposed  to  remove  the  tank  contents 
by  pumping  or  dipping. 

Chemical. — The  phenol  coefficient  of  the  chemical  used  should  be  clearly  stated  on  the  package  or  container 
of  the  manufacturer,  and  the  chemical  should  be  a  dry  caustic  of  standard  commercial  quality  with  a  phenol  co- 
efficient of  at  least  15.  The  charge  per  bowl  or  urinal  is  from  20  to  30  lb.,  dissolved  in  water  according  to  the 
manufacturer's  instructions.  The  chemical  solution  thus  used  must  be  maintained  at  all  times  of  such  strength 
as  to  sterilise  effectively  the  contents  of  the  tank. 

Care  of  the  System. — It  is  extremely  important  in  securing  serviceability  and  sanitary  efficiency  that  the  in- 
stallation be  maintained  dean  and  in  good  repair.  It  should  be  operated  in  accordance 
with  the  manufacturer's  instructions  and  state  or  local  regulations. 

Guarantes.—* The  engineer,  architect,  installer,  or  owner  should  require  the  manufac- 

turer  to  give  a  bona  fide  guarantee  governing  all  parts  of  the  system  and  its  successful 

Arrom  jftjijxi     I  operation,  as  set  forth  by  the  manufacturer  and  in  the  terms  of  agreement  and  contract. 

"fSrtSSfion        II  The  data  given  in  the  foregoing  paragraphs  are  intended  to  serve  as  a 

guide  for  installations  to  be  placed  within  or  in  connection  with  buildings 
serving  for  human  habitatipxi.  Certain  minor  modifications  as  to  buDding 
structural  features  may  perhaps,  in  some  cases,  be  permissible  where  the 
system  is  housed  in  a  detached  outdoor  building.  It  is  extremely  im- 
portant, however,  that  all  such  installations  be  carefully  planned,  specified, 
PiQ.  14.— Portable      and  installed. 

c  emica  c  ose  .  ^^  Portable  Chemical  Closets. — The  portable  type  of  chemical  closet 

consists  of  a  cabinet  constructed  of  wood  or  metal,  equipped  with  a  removable  metal  can  or 
bucket,  and  charged  with  a  caustic  chemical  solution  (soda  dissolved  in  water)  in  the  ratio 
of  approximately  1  pint  of  chemical  to  3  or  4  pints  of  water. 

Disposal  of  the  bucket  or  can  contents  must  receive  attention  at  regular,  frequent  intervals, 
and  must  be  accomplished  in  such  a  manner  as  not  to  create  a  nuisance  or  other  objectionable 
conditions. 

Ventilation  of  the  cabinet,  bucket,  and  room  is  sought  by  extending  a  vent  pipe  from  the 
cabinet  through,  and  to  a  point  above,  the  roof  (Fig.  14). 

There  are  numerous  makes  of  these  closets  offered  to  the  trade,  each  with  attractive  names  and  promising 
inducements.  Experience  and  trial  installations  have  repeatedly  demonstrated,  however,  that  this  type  of  chem- 
ical closet  is,  in  the  large  majority  of  cases,  entirely  unfit  for  public  or  semi-public  building  use.  If  the  portable 
chemical  closet  fills  a  need,  it  must  be  found  in  the  home,  where  the  service  it  will  rendor  depends  on  the  manner 
of  installation  and  the  regular  care  that  it  is  Ukely  the  individual  user  will  give  to  keep  it  in  a  proper  sanitary 
condition.  If  permitted  at  all,  its  use  therefore  should  be  restricted  to  the  private  home  or  places  where  the  same 
degree  of  intensive  care  is  devoted  to  its  maintenance. 

4.  Dry  Closets  {Type:  Heated  Air  Circulation  and  Burning  Out  of  Vavlt  Contents), — 
The  dry  closet  system  as  now  designed,  constructed,  and  operated  may  be  defined  as  a  sanitary 
appliance  of  questionable  merit.  It  consists  of  a  vault  equipped  with  toilet  seats,  urinal,  air 
ducts,  dampers,  heaters,  etc.,  and  is  intended  to  dispose  of  urine  and  excreta  by  means  of 
warm  or  heated  air  and  periodical  burning  out  of  the  remaining  dry  fecal  matter.  The 
satisfactory  functioning  of  the  system  is  subject  to  numerous  conditions,  including  design, 
construction,  materials,  occupational  use  of  the  building,  and  the  necessity  of  constant  care  in 
its  operation. 
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Btat  and  Hopptr- — The»  «ompri«Q  ■  hinged  ■elf-aloBtna  BHt  fitted  to  an  iron  hopper  of  BpeeiaJ  d«Icn  and  coi^ 
■truetioD,  attached  to  a  caet-iran  plate  mounUd  OTcr  a  wator-tifht  vault  or  dnet  <Fiv.  17  and  IS). 

CriHi.— Thia  oonatiU  of  a  ttall  rains 
from  the  floor,  coiatructed  of  tttm,  slate, 
iion,  or  eqaally  aiutable  and  aubetantial  son- 

haa  aD  opeo  trough  or  gutter  leading  directly  j 

to  the  raule  or  into  a  Tenlilatsd  water-tight  , 

dDettarminatiaginthedrjingnuIKFig.  IV).   | 

The  floor  o(  tha  toilet  room  should  alope  from 

all  pointe  tow&rd  and  into  the  urinal  trough, 
DipoRU. — The  urine   or   teoal  depoeiM 

made  in  the  bowl  or  urinal  are  retained  in  the 

vault,  the  liquid*  evapaiatsd.  and  dried  aolid 

iiiatterdiBpo«nlo(by(Tematioo.or"bur[ung  y,^  IB.  .—Typical  floor  pUn  of  dry  <il«el  ayatem.  ' 

out"  <Fia.  17). 

VaiiU. — The  vault  ia  id  water-tight  eonatruntioa,  B>]uare  or  oval  in  form,  3  to  4  tL  in  width,  4  to  5  ft.  in  depth. 

and  of  a  length  a*  may  be  required  but  not  to  «aaeed  five  aetkta  in  a  run,  and  ia  equipped  with  drying  deoko  and  air 

pasagee  (Figs.  IS  and  19). 

DupDnil  of  Vaiiit  ContenU. — 
The  capacity  of  the  vault  or  duet 
below  the  aeata  is  such  that  the 

moved  at  regular  intcTvala.     Thia 

ia  aoeomplishnl    CD  by  placing  a 

small   amount  ol   wood   directly 

below  the  leat  opeDiog  (Fig.  IT) 

*"'"       before  the  ayetem  il  put  into  DM 

and    operating   it  ao    u    to  dry 

thoroughly    the    vault    eoatenta; 

(3)  by  firing  the  stack  heater  so 

a*  to  produce  an  etTeotlve  draft 

Fio.  10.— AJtcmatlre  floor  plan  ol  dry  cloart  ayatem.  (Figs.  16,  lB,and  17).andBatur»t- 

ing  the  dried  enreta  depodts  with 

keroaene  oil,  atartiog  the  burning  out  fir*  at  the  seat  opcniDg  nearest  to  the  loul  air  stack,  and  adiusting  air 

intakea.  dampers,  etc.,  as  the  proceag  may  require;  and  (3)  by  removing  and  diapoaiDg  of  the  residua  in  a  proper 

ina""TT  and  placing  the  system  in  good  repair  and  effective  operating  coadltion. 


Fto.  IT.— Section  "ii-^,"  Fig.  18. 

Slack  or  VauH  Hialtri. — The  system  functions  by  means  of  air  circulation,  and  Is  therefore  dependant  upon 
a  Urge  volume  ol  warm  Mr  having  a  constant  Bow  through  the  vault.  To  accomplish  this  a  vent  flue  or  etack 
of  brickorequivalent  eonstructian  ia  placed  at  the  end  of  the  "niD"  or  vault,  in  the  base  of  which  an  adequate  fire 
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lUt  b«  kept  at  M  timsa  whit*  >  depoiit  remaina  in  ths  vault  (Fii.  IT).  Wh«n  air  1*  Ulcen  fram  aulaidc  tlia  build- 
[  or  where  th*  loul  air  [rum  the  buildins  i*  u>«d  and  i>  not  lafficleatly  heated,  a  vault  healer  ii  placed  is  the 
let  end  af  tt>e  vault  in  which  a  fin  ig  maintiunBd  lor  the  purpoae  of  heatioa  the  air  to  a  decree  neoeaaary  to  dry 
e  vault,  conUDta  and  eBectively  ventilate  without  ioterruption  thmnch  the  itaek,  vault,  aeat.  urinal,  and  toilet 
on.  <n(,  17), 

Loeaiiim  nf  Siiilttii. — Toilet  ronveoieBce*  and  appllKncsa  la  connection  with  thiatype  o(B>-atein  niaatiB  nearly 
I  oaae*  be  inalalled  in  the  baument  of  the  building  (for  arraniCDieDt  eoniult  Fiia.  IG  and  16). 

AlUnatiM  IiulaUaliim  Dttaili.—An  adequate  eihauit  fan  majr  ba  DHd 
ai  an  aauaUnt  to  the  itack  heater.    If  uaed  without  the  heater  it  muat  be 

vault-drying  air  ii  (akan  from  the  outaide,  vault  heatera  muat  in  all  eaan 
be  uaed  (Fi(i.  15  and  ISJ.  When  air  ia  taken  from  the  buildins,  dampen 
or  ahutten  muat  be  uaed  to  pretant  baok  tow  whoa  the  building  ia  not 
occupied  or  in  cawa  when  Are  in  tfaa  heater*  la  not  auffident  to  maintain 
effective  nntilalion. 

Where  the  room  ia  of  aafficieot  heifht.  the  hariaontal  inlet  duet  or 
flue  mar  be  placed  above  the  baaernent  Roor.  Where  the  baaement  ia  aub- 
jeet  to  water  above  or  below  the  floor  line,  undercrouod  air  ducta  muat 
be  of  water-tiiht  cooatruction  and  the  vault  plaosd  at  a  aufficieat  bei(bt 
■hove  the  floor  and  be  ao  built  aa  to  exclude  water  from  the  ducta  or  vault. 
In  order  to  dispoae  of  the  unevaporated  liquida.  the  bottom  of  the  vault 
may  be  aloped  toward  a  auitable  point  and  carried  hy  ab  adequate  drain 
to  a  dry  well  or  gravel  absorption  trench. 

The  engineer,  turchitect,  dcs^ner  of  the  building,  inetalter, 
oi  owner,  as  the  case  may  be,  should  provide: 

-B",  1.  That  the  iuatallationa  oonforni  with  (aderal.  Mate,  and  loctti  re- 

quiremeat  relaaoi  to  "houainc,"  aanitatioD.  and  maintenance. 

2.  That  the  materiala  and  oonatruction  ol  the  varioua  unite  oompri^nc 
iroper  dcaign  and  ao  inatalled  that  the  highcat  desree  of  elEcieDay  poaaibte  ia  inaured. 

1  vault  area  below  the  aeat  hopper  be  of  adequate  oapacity,  at  leaat  30%  larier  than 
ing  fluM  ooaneoted  therewith,  and  that  the  open  apace  below  the  (rate*  be  at  IcMt  B 

.  atack.  vault.  Mid  heater,  or  heater*,  be  of  adequate  capacity  and  that  ■  fire  be  main- 
tainn]  either  in  the  atack,  or  vault  heater*,  or  heating  ayatem  at  all  time* 
when  required,  *o  aa  to  inaure  proper  ventilatian. 

S.  That  the  foul  air  duct,  or  ducla,  be  provided  with  a  damper  of 
efficient  dcaign  and  oonveniently  located,  and  that  the  foul  air  removal 
■yatem  be  ao  Bon*truoted  aa  to  exclude,  under  &11  proper  oondition*  involv- 
ing maintenance,  obnoTitu*  odor*  from  any  part  of  the  building  and  ao 
that  it  will  comply  with  ait  eaUbliahcd  fire  protection  requiremcnU, 

7.  That  the  dud  or  flue  coutainiog  the  atack  heater  be  eiteudcd  to  a 
height  from  8  to  10  ft  above  the  higheat  part  ol  the  building  ao  aa  to  inaure 
effective  ventilation. 

S.  The  eeat  hopper  ahall  be  ao  deeigned  and  o(  aueh  material  that  it  ' 
can  be  kept  clean  and  be  ilrovided  with  an  approved  eeat. 

alate.  or  iron  enameled. 

to.  That  the  vault  be  burned  out  and  cleaned  and  dialnlected  twice 
each  year  and  of lener  if  neenaary. 

11.  That  the  inatallation  at  all  time*  ahall  be  maintained  in  aaanitary 
and  •erviceable  oondition,  and  the  material,  when  removed  from  the  vault, 
be  diapoaed  of  in  euch  a  manner  that  a  nuiaanee  i*  not  created. 

Pio.  18.— Croea  (ectioa    '-C-C", 

5.  Incinerator  Closots  (Army,  PorlabU,  and  Stationary). —  "■ 

The  portable  type  consiBta  of  a  tank  mounted  on  wheels  or  otherwise  made  portable,  one  end 
provided  with  doors  and  the  other  with  a  smokestack.  The  interior  of  the  tank  is  equipped 
with  a  deposit^receiving  platform,  fire  grate,  and  ash  piL  Seats  are  mountod  on  the  exterior 
of  the  t«nk. 

The  Btstionaiy  type  ia  eimliaily  designed,  conitrueted,  operated,  and  maintained. 

The  market  offer*  varioua  commercial  typca  aimilar  in  principle. 

The  practical  utility  of  all  doects  coming  under  the  acope  ol  thia  heading  la  llnuCed  to  certain  IpeoiBe  aaodi- 
tlone.  and  when  located  properly  in  the  open  can  be  operated  with  a  msrlied  degree  o(  aalety. 
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SECTION  5 
PLUMBING  AND  DRAINAGE 

Bt  S.  E.  Dibble  and  Frank  R.  Kino 


PLUMBING  AITD  DRAINAGE— GENERAL  INFORHATION< 
Bt  S.  E.  Dibble 

1.  Haia  and  Honss  Sewers. — The  maia  sewer  is  that  part  of  the  sewerage  system  which 
coUactH  the  sewage  from  the  muoicipality  or  from  a  number  of  buildings  and  carries  it  away  to 
the  diapoBal  plant  or  terminal.  The  main  server  generally  runs  through  the  steets  or  alleys  at  a 
depth  of  9  to  12  tt. ;  it  may,  however,  lie  at  a  lesser  or  greater  depth.  There  are  branches  and 
junctions  placed  for  the  accommodation  of  house  sewers  on  cither  side. of  the  street  at  intervals 
depending  on  the  width  of  the  lots,  ete.  The  exact  location  of  theoutletamay  beascertained 
from  the  plana  filed  in  the  office  of  the  Department  of  Sewers  or  city  engineer,  as  the  case  may 
be.  For  specific  details  pertaining  fa)  installation,  see  ordinance  provision  in  the  chapter 
following. 

S.  SobMil  and  Trench  Drains. — Surface  water  percolates  through  the  surface  earth  and 
saturates  the  subsoil.    Unless  taken  care  of  and  carried  away  from  the  site  of  the  building,  this 
water  will  find  its  way  into  the  building  through  the  foundation  walls  and  floors.    To  avoid 
this  it  is  good  practice  to  install  a  subsoil  drain  all  around  the  building  at  thelevelof  thefounda- 
tion  footings.     Joints  of  tile  pipe  used  for  subsoil  pipe  should  be  left  open  to  allow  the  water 
to  find  its  way  into  the  bore  of   the  pipe  and  thus  be  carried  away  from  aite.     The  refill 
above    the  uibsoil  pipe    should  be  broken   stone  within   18  in.  of  grade.    Six  inches  of 
straw  should  be  placed  on  top  of  broken  stone  and  then  loam  to 
thegrada     With  this  refill,  water  can  easily  find  its  way  into  the 
subsoil  pipe.    A  piece  of  tarred  paper  laid  over  each  joint  in  the  tile 
pipe  will  keep  out  any  sand  that  might  otherwise  be  carried  into 
the  bore  of  pipe  and  cause  a  stoppage  (Fig.   1).      The  subsoil   pipe 
may  discharge  into  a  special  trap  or  pit  made  of  brick  or  concrete 
which  should  be  connected  with  the  sewer.    The  subsoil  water  under 
the  building  can  be  collected  in  a  pit  by  a  series  of  pipes  laid  under 

the  house   drain   level  and  pitched  toward  the  pit,   from  which  it       ^         g  ^^..  ,    . 

can  be  pumped  out  into  the  house  drain  by  automatic  cellar  drainers 

or  by  electrically  controlled  pump.  The  quantity  of  water  to  be  pumped  determines  the  size 
of  the  outfit.  (Consult  also  ordinance  requirements.)  The  essential  points  in  the  installation 
of  subsoil  pipes  are:  (1)  Correct  depth,  (2)  pitch,  (3)  pipe  and  joints,  and  {4)  refill. 

S.  Storm  Water  Disposal. — It  is  absolutely  necessary  that  all  stonn  watera  that  descend 
or  flow  upon  the  building  or  site  be  disposed  of  through  proper  channels.  AD  storm  water 
can  be  collected  and  carried  oS  by  means  of  roof  drains,  area  drains,  yard  drains,  or  catch  basins. 
Roof  drains  should  be  placed  not  more  than  60  ft.  apart,  and  the  size  should  be  in  acconlance 
with  the  following  table.  It  Ls  considered  better  to  have  a  number  of  small  roof  drains  (4  or 
5-in.)  than  one  large  drain. 

ni . f  Sqwr.  fert  of  .ur. 
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i.  Roof  Tenuiiul*  of  Rain  Water  Leader*. — The  conaection  of  the  roof  gutter  with  the 
roof  draiit,  if  on  the  outside  of  the  building,  should  be  a  dip  joint — that  ia,  the  tube  whieh  is 


Fio.  2.— Sheet- 


fupc  fxumectioo 


connected  to  the  gutter  with  asoldered  joint  should  extend  at  least  7  or  8  in.  into  the  roof  drain. 


The  material  of  the  roof  drain  p 


e  when  placed  on  the  outsideof  the  building  may  bcgalvan- 
ized  iron  or  copper  of  round,  square,  or  special  shape, 
to  correspond  with  the  style  of  building.  When  the 
roof  drain  is  located  on  the  outside  of  the  building  and 
on  any  kind  of  passageway,  the  pipe  materiaJ  should  be 
of  cast  or  wrought  iron  for  a  distance  of  at  least  5  ft. 
above  the  ground  (Figs.  2,  3,  and  4], 

When  the  tdo(  dnin  is  plkotd  inaide  of  the  buildins,  tfae  roof 

■How  for  ehrinkiiEe  or  gettliPi  of  the  buildiog  oc  gnpe.  The  matfrut 
of  pipe  when  ptacMl  iniide  of  the  building  ehould  be  cut  Iron,  icroucbt 
iron,  or  ■teel  cftlvBniiMi.     If  rut  iron  ie  uaed,  the  roof  jg 


e  by  u 


'CTule  * 


■t  1«ftd  pipe  wipe 


C3)0( 


)  flupportins  pipe. 


B.  Yard  Drain  and  Catch  Basin. — The  yard  drains 
gather  surface  water  and  should  be  so  constructed  that 
they  will  not  become  easily  stopped  by  sand  and  rubbish 
entering  the  basin  and  plugging  the  outlet.  The  size 
of  the  drain  depends  upon  the  number  of  square  feet 
of  surface  to  be  drained.  In  estimating  this  surface, 
accounting  should  be  made  of  adjoining  property  and 
land  that  will  ehed  its  water  into  the  drain.  A  catch 
basin  similar  to  that  shown  in  Fig.  5  makes  an  ideal  one 
for  heavy  use,  also  for  a  site  where  springs  abound,  and 
a  light  catch  basin  might  be  shifted  around  when  the 
ground  is  full  of  water  or  frost. 


frequently  becomi 
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6.  Area  Drains. — ^At  their  best,  area  drains  are  frequently  foul  parts  of  the  plumbing 
system.  It  is  customary  to  install  a  drain  in  every  area  wi^,  and  often  no  provision  is  made  for 
cleaning  out  the  area  way  with  running  water.  Facilities  for  flushing  with  a  hose  should,  there- 
fore, be  provided.  When  subject  to  frost,  the  drains  for  area  ways  should  have  a  deep  seal  trap 
placed  within  the  walls  of  the  biulding.  Unless  the  seal  is  deep  it  will  be  broken  by  evapora- 
tion.   The  bottom  of  the  area  way  should  be  cemented  and  pitch  toward  the  drain. 

7.  House  Drain. — The  house  drain  is  that  part  of  the  sewerage  system  which  connects 
the  house  sewer  with  the  various  branches  that  extend  up  through  the  building.  It  is  generally 
located  beneath  the  basement  floor  and  has  cleanouts  extending  flush  or  slightly  above  the  floor 
level.  Cleanouts  should  be  placed  at  least  every  30  ft.  on  straight  runs  and  at  every  bend  or 
change  in  direction  of  run  of  the  pipe.  When  the  basement  floor  is  below  the  main  sewer  in  the 
street,  the  house  drain  may  be  extended  along  the  basement  wall  or  suspended  from  the  ceiling. 
Head  room  must  be  reckoned  with  when  hanging  pipe  from  the  ceiling,  and  at  the  highest  point 
the  pipe  may  be  near  the  ceiling,  and  at  the  lowest  point,  a  distance,  according  to  the  developed 
length,  figured  at  a  grade  of  not  less  than  ^  in.  per  ft. 

The  rise  of  the  houae  drain  where  the  main  sewer  ia  of  the  combination  type  depends  upon  the  number  of 
water  outlets  discharging  into  fixtures,  type  of  fixtures  and  apertures,  number  of  people  in  the  building,  and  num- 
ber of  square  feet  to  be  drained  of  storm  water.  Generally,  if  the  sise  is  figured  according  to  the  storm  water 
surface  the  pipe  sise  will  be  ample  to  carry  the  discharge  from  the  plumbing  fixtures  in  the  building.  The  pitch 
of  the  house  drain  should  be  ^  in.  to  the  foot.  The  material  of  which  the  pipe  used  in  the  house  drain  is  made 
should  be  extra  heavy  cast  iron,  tar  coated.  Wrought 
iron  or  steel  pipe,  galvanised,  can  be  used  when  the  house 
drain  is  above  the  ground.  Without  doubt,  east-iron 
pipe  is  the  best  when  used  underground. 

The  layout  of  a  building  is  often  the  reason  for 
plumbing  fixtures  being  located  below  the  main  sewer 
level.  It  becomes  necessary  under  conditions  of  that 
kind  to  install  a  sump  or  tank,  to  which  is  connected  a 
pump  dfssigned  to  raise  sewage  out  of  the  sump  into  the 
main  sewer.  The  sump  and  pump  are  connected  with 
automatic  control,  which  at  a  given  level  of  sewage  in 
the  sump  operates  and  starts  the  pump,  also  stopping 
the  pump  at  th^  low  level. 

8.  Waste  Disdiarge  Based  on  Water  Con- 
sumption.— In  the  50  largest  cities  in  the 
United  States,  the  per  capita  consumption  of 
water  ranges  from  76  to  300  gal.  per  day.^  The 
consumption  per  capita  in  a  large  hotel  is  about 
100  gal.  per  day.  The  usage  of  this  amount  of 
water  is  spread  over  the  entire  day.  The 
greatest  amount  will  be  used  the  first  hour  in 
the  morning.  About  50%  of  the  total  amount 
consumed  will  be  used  at  this  time.  This  50 
gal.  is  used  as  follows:  Water-closet,  8  gal.; 
culinary  department,  6  gal.;  bathing,  32  gal.;  washing  equipment,  4  gal. 

Knowing  the  maximum  amount  of  water  that  will  be  used  in  any  one  hour  of  the  day,  the  pipe  sise  is  figured 
by  allowing  1  sq.  in.  in  sectional  area  of  the  drain  for  each  2  ou.  ft.,  or  15  U.  S.  gal.  of  sewage  to  be  removed  per 
minute. 

The  pipe  should  be  large  enough  to  carry  away  rapidly  all  solids,  and  yet  small  enough  to  be  self-scouring; 
that  is,  the  discharge  should  fill  the  bore  of  the  pipe  so  that  all  surfaces  of  the  bore  will  be  flushed  as  the  discharge 
psnnffl  through.  The  soil  pipe  should  be  securely  fastened  to  the  floors  and  walls.  At  the  bottom  of  all  soil  stacks 
a  eleanout  should  be  placed.     The  stack  should  be  supported  at  the  bottom  as  indicated  in  Fig.  6. 

Waste  pipes  should  be  installed  that  if  occasion  demands,  they  can  be  cleaned  out  their  entire  length. 

9.  Lead  Waste  Pipe. — Weights  and  sizes  of  lead  pipe  are  shown  in  table.  The  eastern 
states  refer  to  lead  pipe  as  "E,"  "D,"  "C,"  "B,"  "A,"  "AA,"  "AAA,"  while  the  western 


Fia.  6. 


See  also  chapter  on  '*  Water  Consumption  *  in  Sect.  2. 
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states  refer  to  lead  pipe  as  "Aqueduct,"  "  Extra  Light, "  **Light/'  "Medium,"  "Strong,"  "Ex- 
tra Strong,"  and  "Extra  Extra  Strong." 


Table  of  Lead  Pipe 


Size 
(in.) 

E       . 

D 

C 

n 

A 

AA 

AAA 

Aqueduct 

Ex. 

light 

T.ight 

Medium 

Htrong 

Ex.  strong 

Ex.  Ex.  strong 

lb. 

OB. 

lb. 

OS. 

lb. 

OS. 

lb. 

OS. 

lb. 

OS. 

lb. 

OS. 

lb.             OS. 

1 

H 

■   • 

8 

•   • 

«    • 

11 

12 

1 

•   • 

1 

8 

2 

2 

10 

H 

,   , 

10 

•  • 

12 

1 

•    • 

1 

4 

1 

12 

2 

8 

3 

.    . 

H 

■    • 

12 

1 

4 

1 

12 

2 

•    • 

2 

8 

3 

.    , 

3 

8 

« 

1 

,    ^ 

1 

8 

2 

■   • 

2 

4 

3 

•    • 

3 

8 

4 

•      a 

^ 

1 

8 

2 

•   > 

2 

8 

3 

,    , 

3 

8 

m     « 

•   • 

.     , 

1 

1 

8 

2 

,   ^ 

2 

8 

3 

4 

4 

•    • 

4 

12 

5            8 

IH 

2 

2 

8 

3     '      .. 

3 

12 

4 

12 

6 

•    • 
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2-in.  cast-iron  pipe  occupies  a  space  of  4  in.  and  a  fitting  6  in.;  tiierefore,  a  4-in.  partition  would  not  accouinio- 
date  this  Ml6  of  pipe.  When  cast-iron  pipe  is  used  for  a  waste  pipe,  the  connection  between  pipe  and  fixture  is 
made  by  means  of  a  wiped  joint,,  using  lead  pipe  and  a  brass  ferrule.  The  life  of  cast-iron  pipe  is  found  to  be 
longer  than  the  buildings  themselves  and,  therefore,  it  makes  an  ideal  pipe  for  waste  lines. 

Tile  pipe  is  not  used  often  as  a  waste  pipe  except  in  some  cases  as  a  drain  pipe  for  chemicals,  and  w^hen  so  used 
it  should  have  built  around  it  a  casing  of  reinforced  concrete. 

10.  Vents. — One  of  the  prime  reasons  for  vents  on  a  system  of  plumbing  is  to  allow  the 
water  discharged  into  the  pipes  to  run  by  gravity  through  the  system  of  pipes  until  the  main 
sewer  is  reached  and  to  provide  a  free  circulation  of  air  throughout  the  system.  There  are 
various  methods  of  accomplishing  this,  and  the  designer  of  the  system  should  acquaint  himself 
with  state  and  local  regulations  governing  in  the  locality  where  the  building  Is  to  be  constructed. 
Sketches  show  approved  methods  of  venting  (also  see  ordinance  requirements  in  the  chapter 
following).  Unless  vent  pipes  are  installed  with  a  system  of  plumbing,  the  conditions  become 
vile,  and  the  entire  building  polluted  with  sewer  gas  and  drain  air.  The  effect  of  this  foul  air 
upon  the  human  body  cannot  be  discussed  here,  but  leaving  the  physical  effect  entirely  out 
of  the  question,  it  is  inconceivable  hat  in  this  age  anyone  would  ask  another  to  live  or  work  in  a 
building  polluted  with  such  foul  odors  or  gases.     A  vent  pipe  is  as  important  as  a  waste  pipe. 

11.  Traps. — A  trap  is  a  vessel  holding  a  body  of  water  and  so  arranged  on  the  waste  pipe 
that  sewer  gas  and  drain  air  are  prevented  from  entering  the  building  through  fixture  waste. 
A  trap  has  two  resisting  elements:  (1)  the  amount  of  water  in  the  trap;  and  (2)  the  depth 
of  seal  in  the  trap.  It  is  the  seal  of  a  trap  that  makes  it  valuable.  Unless  proper  venting  is 
carried  out,  the  seal  of  the  trap  can  and  will  be  broken  by  syphonic  action  or  momentum. 
A  deep  seal  guards  these  two  points.  The  constant  current  of  air  passing  thlwigfa  the  vent 
pipe  and  waste  pipes  causes  the  water  in  the  trap  to  evaporate.  The  amount  of  water  in  the 
trap  guards  these  points. 

The  traps  on  the  market  today  are  made  in  various  shapes  and  of  different  metak  The 
value  of  a  trap  may  be  determined  by  comparing  it  with  the  following  features  which  all  sani- 
tary traps  should  possess:  (1)  interior  walls  perfectly  smooth,  (2)  maximum  seal  to  resist 
syphonic  action,  (3)  all  parts  exposed,  no  interior  weirs,  (4)  cleanouts,  (5)  ftelf-cleiuiaing,  (6) 
joints  and  unions. 
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Tn^  are  placed  in  three  distinct  jxMitioiis : 

Lavatories 

Trap  connected  directly  underneath  fixture  •  ^.^  .        .  . 

Kitchen  sinks 

Trays 

(WateiHiloBets 
Slop  sinks 
Urinals 

Floor  drains 
Shower  stalls 
Uiinab 
Storm  drains 
Area  drains 


Trap  set  flush  with  floor  or  underneath  floor 


In  an  unoccupied  building  the  water  is  often  drawn  o£F  to  prevent  freesins,  and  when  for  this  reason  the 
water  is  taken  from  traps,  the  latter  should  be  refilled  with  kerosene  which  will  not  f reese  and  will  seal  the  trap. 

Nonntyphoning  Traps. — Years  of  experimenting  have  brought  into  use  traps  which  resist, 
under  favorable  conditions,  the  action  of  syphonage.  To  these  traps  the  name  ''non-syphon- 
ing traps"  has  been  applied.  A  large  variety  of  these  traps  is  in  use  and  under  the  present  de- 
mands upon  plumbing,  may  fill  an  actual  need.  A  fixture  set  in  the  middle  of  the  room  offers 
no  practical  opportunity  for  the  extension  of  a  vent  pipe  to  the  ventilation  pipe.  Therefore, 
in  some  instances  a  non-syphoning  trap  may  be  used.  The  methods  of  manufacture  for  these 
traps  are  numerous.  They  perform,  with  certain  important  limitations,  the  function  for 
which  they  are  designed,  yet  the  devices  employed  offer  an  excellent  obstruction  for  the  free 
passage  of  waste  water.  In  time,  therefore,  the  use  of  these  traps  becomes  imperative.  Any 
trap  with  an  inside  weir  or  partition  or  with  a  mechanical 
device  to  form  the  seal  is  today  considered  unsanitary. 
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FiQ.  7.1 — Grease  trap. 


Grease  traps  are  a  distinct  tsrpe  of  trap.  The  function  of  a  grease 
trap  is  to  harden  all  grease  which  is  discharged  from  the  fixture  con- 
nected to  it  before  being  discharged  into  the  sewer.  Gleanouts  are  so 
placed  that  congealed  grease  can  readily  be  removed  from  the  trap. 
Some  types  of  grease  traps  are  so  made  that  the  outside  wall  is  a  water- 
jacket  and  all  water  used  in  the  kitchen  must  run  through  this  jacket, 
thus  keeping  the  trap  cool  and  cooling  all  hot  grease  that  is  discharged 
into  the  trap  (Fig.  7).  The  sise  of  the  trap  is  governed  by  the  volume 
and  temperature  of  the  waste  water  tributary  thereto. 

12.  Chemical  Installations. — The  big  problem  in  chem- 
ical plumbing  is  the  matter  of  waste  pipes  and  waste  pipe 
joints.  The  hot  and  cold  water,  gas,  and  air  pipes  require 
only  special  arrangement  to  supply  the  particular  equip- 
ment of  the  individual  laboratory.  Lead  pipe  for  waste  in 
a  chemical  laboratory  is  the  best  waste  pipe  that  can  be 
had.  Any  connection  in  any  position  and  to  any  material  can  be  made  by  using  lead  and 
employing  a  lead  burner  to  make  joints  and  fit  lead  correctly.  All  joints  on  lead  pip^  are 
burned  or  fused  by  using  a  compressed  air  and  hydrogen  flame.  This  flame  will  not  oxidize 
the  molten  lead,  and  is  the  only  flame  in  use  today  that  makes  a  perfect  fusion  of  lead.  The 
fusion  of  lead  joints  in  this  way  makes  the  waste  pipe  one  solid  piece  of  lead,  no  other  metal 
being  used  to  come  in  contact  with  chemicals.  Pure  lead  pipe  of  heavy  gage  is  used.  Fiber 
pipe  has  good  points,  such  as  the  resistance  of  acids,  and  can  be  had  in  different  sizes  and 
lengths.     The  joining  of  pipes  and  lack  of  fittings  make  it  hard  to  install. 

IS.  Lead  Boming. — The  art  of  lead  burning  is  not  generally  understood  and  therefore 
its  good  points  are  lost  where  they  could  b e  of  great  value.  The  mechanic  who  does  1  ead  burning 
is  called  a  "lead  burner."  Lead  burning  is  fusion  welding.  Hydrogen  and  compressed  air 
flame  are  used  for  this  fusion.  Hydrogen  is  generally  made  in  a  generator  on  the  job,  sulphuric 
acid  and  zinc  being  used.  Compressed  air  is  obtained  by  means  of  hand  pump  and  tank.  Hy- 
drogen can  be  purchased  in  a  tank  and  used  to  advantage  on  small  installations.  Joints  on  lead 
pipes  and  lead-lined  tanks  can  be  made  in  almost  any  position.  With  a  perfect  neutral  flame 
79 
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and  lead  kept  clean,  a  perfect  fusion  takes  place  while  burning,  and  if  the  process  is  well  done, 
the  result  is  a  tight,  strong  joint. 

14.  Plumbing  Fixtures. — Plumbing  fixtures  should  be  located  in  a  well  lighted  and  v^iti- 
lated  room.  When  a  single  fixture  is  installed,  it  should  never  be  in  a  dark  part  of  a  room  and 
never  in  a  closet.  Fixtures  must  be  so  set  that  there  will  be  at  all  times  a  circidation  of  air 
around  them  and  daylight  entering  the  room  through  side  windows  or  ceiling  lights.  The  ma- 
terial of  plumbing  fixtures  must  be  of  nonabsorbent  nature,  smooth  surfaced,  and  sufficientl^r 
strong  to  withstand  hard  wear. 

14a.  Water-closets. — ^Every  closet  bowl  should  be  flushed  by  clean  water  either 
automatically  or  by  hand.  Materials  of  bowls  are  iron-enameled  and  earthenware.  The  latter 
presents  the  more  sanitary  surfaces.  Flushing  of  bowls  with  water  is  essential.  All  exposed 
interior  surfaces  must  receive  a  thorough  flushing  after  use. 

There  ar  e  two  methodsf or  flushingb  owls:  (1)  by  use  of  closed  or  open  tank,  and  (2}by  direct 
pressure  using  slow  operating  (flushometer)  valve.  To  flush  bowl  thoroughly,  scour  it  and  refill 
trap,  an  amount  of  water  equal  to  from  3  to  7  gal.  being  used,  depending  upon  the  type  of  bowl 
and  flushing  mediiun. 

To  carry  off  local  bowl  odora  there  ib  provided  in  some  makes  of  bowls  a  connection  called  a  local  vent.  This 
can  be  extended*  using  sheet  metal  pipe,  to  a  draft  flue,  or  connected  with  a  duct  to  which  is  attached  a  fan  for 
positive  draft.     All  groups  of  toilets  should  be  provided  with  a  positive  agency  for  diqx»ing  of  local  odors. 

Essential  factors  in  water-closets  are:  (1)  Design  and  materials,  (2)  flush,  (3)  maximum  water  surface,  (4) 
minimum  fouling  surface,  (6)  sixe  of  trap,  throatway,  and  outlet,  and  (6)  amount  of  water  required  to  produce 
effective  flush. 

146.  Urinals. — Urinals  may  be  divided  into  three  classes:  (1)  wall  fixture, 
(2)  stall,  and  (3)  trough.  For  the  owner,  urinals  present  one  of  the  most  disagreeable  fix- 
tures to  install  and  operate  satisfactorily.  The  wall  fixture  is  at  its  best  a  somewhat  unsani- 
tar>  device.  As  a  fixture  it  completely  performs  its  functions  of  flushing  and  discharging  waste, 
but  it  is  not  of  proper  design  nor  large  enough  to  completely  handle  all  necessary  conditions. 

The  trough  urinals  present  the  same  objections,  while  the  stall  urinal  3H  to  4  ft.  high  and  2  ft.  wide,  with  a 
flushing  surface  its  entire  length  and  width,  is  nearest  to  ideal  and  should  be  sdected  for  installation.  With  each 
discharge  of  the  flushing  device  the  urinal  should  receive  a  thorough  flushing  with  clean  water.  This  dincharge 
may  come  from  a  tank  having  intermittent  flushings  or  by  means  of  a  flush  valve,  operated  by  hand  when  necessary. 
The  best  designs  of  urinal  are:  (1)  having  complete  flushing  of  surfaces  expoaed,  (2)  made  of  a  nonabsorbent 
material,  (3)  entire  fixture  in  one  piece,  and  (4)  provided  with  effective  local  ventilation. 

14c.  Lavatories. — Lavatories  may  be  divided  into  two  classes:  (1)  types  which 
have  backs  and  ends  and  are  supported  from  walls,  and  (2)  those  on  pedestal  and  which  have  no 
backs  and  ends.  Each  type  has  numerous  styles  and  can  be  assembled  to  fit  any  desired  space. 
The  lavatories  in  the  first  named  class  should  be  used  where  the  walls  of  rooms  are  of  an  absorb- 
ent material.  The  pedestal  lavatories  are  used  in  rooms  having  tiled  walls  and  floors.  Any 
style  faucets  and  waste  can  be  fitted  to  please  the  owner.  The  materials  of  which  lavatories 
are  made  are  cast-iron  enameled,  vitreous,  and  earthenware.  All  these  meet  with  sanitary 
requirements  if  correct  manufacture  is  carried  out. 

14d.  Bath  Tubs. — Bath  tubs  may  be  classed  as  buiUrdn  and  portable.  The  built- 
in  tub  is  finished  with  an  apron  on  one,  two,  or  three  sides,  brought  down  flush  with  floor  and 
walls.  The  portable  tub  sets  on  legs  or  base  and  at  a  point  about  2  in.  away  from  the  walls. 
Tubs  can  be  fitted  with  numerous  kinds  of  waste  and  supply  trimmings.  They  are  manufactured 
in  standard  sizes  in  lengths  of  4>^,  5,  5H)  &iid  6  ft.  over  all,  and  30  in.  wide. 

14e.  Showers. — Showers  are  divided  into  three  groups:  (1)  receptor,  (2)  stall, 
and  (3)  tub.  The  receptor  shower  is  set  flush  with  or  on  top  of  the  floor  and  receives  the  dis- 
charge from  shower  spray ;  a  curtain  around  the  spray  confines  the  water  to  the  receptor.  The 
receptor  is  connected  with  the  waste  pipes  the  same  as  in  a  bath  tub.  The  stall  shower  can  be 
fitted  with  any  desired  spray  and  placed  in  a  stall  of  marble  or  slate  about  3  by  4  ft.  square. 
The  floor  of  the  stall  should  be  of  cement  or  tile  and  slope  toward  the  waste  outlet.  Under 
this  floor  should  be  placed  a  lead  pan,  built  in,  to  catch  and  drain  off  any  leakage  through  the 
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floor.     The  tub  shower  is  a  set  of  sprays  set  above  the  bath  tub,  with  the  tub  acting  as  a 
receptor. 

1^.  Sinks. — Sinks  are  numerous  in  design,  and  almost  any  desire  on  the  part 
of  the  oMmer  can  be  fulfilled.  Kitchen  sinks  can,  for  example,  be  had:  (1)  with  flat  rim;  (2 
roll  rim;  (3)  back,  end  and  sink  in  one  piece;  (4)  sink  and  backs  separate;  (5)  without  or  with 
drain  boards;  (6)  enameled  iron;  (7)  earthenware,  white,  brown,  or  yellow;  (8)  soapstone;  and 
(9)  combination  of  sink  and  wash  tubs.  Other  sinks,  such  as  cast  iron  for  basement  use  and 
slop  sinks  for  cleaners'  use,  have  sizes  and  shapes  to  fit  all  needs. 

14^.  Special  Types. — fixtures  of  special  types  can  be  had  to  accommodate 
various  buildings.  Hospital  fixtures  should  receive  careful  stud^,  as  every  hospital  has  needs 
peculiar  to  its  demands.  Kitchen  equipment  that  connects  with  waste  pipes  in  hotels  and  res- 
taurants are  all  special  and  should  receive  careful  study. 

16.  Securing  and  Hanging  of  Fixtures. — Securing  and  hanging  marble,  slate,  and  soapstone 
fixtures  are  given  too  little  thought.  These  fixtures  must  be  set  very  rigidly.  The  material 
should  set  into  the  walls  and  floor  about  2  in. ;  and  all  stops,  hinges,  and  brackets  should  have 
at  least  two  holes  and  bolts  to  hold  them  firmly.  Fixtures  of  these  materials  should  not  depend 
upon  the  wall  brackets  for  entire  support  but  should  have  a  support  extending  to  the  floor. 

Iron  enameled  ware  may  be  hung  from  the  wall  by  means  of  concealed  brackets  and  hang- 
ers. The  concealed  hangers  are  flat  pieces  of  cast  iron  designed  to  be  secured  to  the  woodwork 
back  of  the  plaster;  therefore,  before  plaster  is  put  on,  solid  woodwork  should  be  securely  fast- 
ened into  building  material  to  provide  anchorage  for  enameled  ware  fixtures.  Enameled  ware 
is  easily  secured  to  waste  pipes  and  usually  no  trouble  is  experienced  in  making  water-  and  gas- 
tight  connections. 

Earthenware  fixtures  should  be  supported  from  the  floor.  In  making  this  ware  tight  with  the  waste  pipes, 
only  those  connections  which  do  not  depend  in  the  main  upon  putty  or  slip  joints  should  be  used. 

Vitreous  ware  is  becoming  more  popular  for  plumbing  fixtures  as  it  presents  a  very  hard  surface.  It  will  stand 
teats  of  great  severity  and  is  not  as  heavy  as  earthenware.  Vitreous  is  harder  than  earthenware  and  will  not  chip  as 
easily  as  iron  enameled. 

16.  Swimming  Pools. — Swimming  pools  interest  the  plumbing  trade  insofar  as  supplying 
water  and  waste  pipes,  also  lead  lining,  are  concerned.  The  tank  needs  to  be  so  constructed 
that  it  will  be  water-tight.  Every  such  pool  should  be  supplied  with  a  gutter  or  overflow  all 
around  the  tank  interior  to  carry  off  the  scum  and  surplus  water.  To  supply  the  tank  i^ith 
water  at  the  right  temperature  requires  a  heater  which  will  circulate  the  water  in  the  tank 
and  through  the  heater  at  the  same  time.  The  water  should  enter  the  tank  or  pool  at  the 
top,  circulate  through  the  tank  and  leave  the  pool  at  the  bottom.  If  possible,  the  pool  should 
be  provided  with  two  outlets  and  inlets  on  each  side.  Modem  pools  usually  are  equipped 
with  water  purification  appliances. 

17.  Hot  Water  Consumption  and  Heating  Mediums. — Equipment  for  hot  water  service  is 
chosen  generally  for  the  needs  of  each  partictilar  building.  After  the  quantity  of  water  to  be 
used  per  hour  has  been  estimated,  the  necessary  equipment  may  be  chosen.  Upon  the  demand 
and  the  service  required  depends  the  kind  of  equipment  to  be  installed.  If  500  gal.  of  water 
needs  to  be  heated  and  drawn  within  1  hr.  of  the  day,  an  equipment  is  installed  entirely  differ- 
ent from  that  required  if  this  amount  of  water  is  spread  over  a  period  of  10  hr.  The  vaiious 
agencies  for  heating  watei  are:  (1)  coal,  (2)  gas,  (3)  steam,  (4)  solar,  and  (5)  electric  (for  small 
quantities). 

Coal, — Domestic  coal  fires  such  as  the  range  and  furnace  and  similar  heaters,  may  be 
equipped  with  a  brass  or  wrought-iron  coil  or  cast-iron  water-back  to  heat  water.  In  the  case 
of  the  range,  a  cast-iron  water-front  is  placed  in  one  side  of  the  firebox,  which  will  supply  suffi- 
cient hot  water  for  one  sink,  one  wash  tray,  one  bath  tub,  and  one  lavatory  when  connected 
with  a  40-gal.  boiler.  A  cast-iron  water-front  will  heat  a  40-gal.  boiler  within  1  hr.,  while  a 
brass  coil  placed  in  the  same  position  will  heat  40  gal.  within  40  min. 

When  a  coel  stove  or  heater  is  used  as  a  separate  heater  for  hot  water,  a  large  tank  should  be  used  for  storage. 
To  determine  the  sixe  of  the  storage  tank  for  a  building,  it  is  necessary  only  that  the  number  of  outlets  that  are  to 
be  opened  in  a  given  period,  say  1  hr.,  be  noted;  their  total  discharge  will  indicate  the  necessary  number  of  gallons 
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that  miut  be  ibmd  in  ths  hot  wfttsr  tank.  The  CMatMt  amount  at  hot  vsia  mad  Id  tha  ordlnuy  bnlidiiu  or 
dwellinc  will  b«  drairn  the  fint  hour  in  the  matmnc  Each  penon  in  the  dwalling  will  um  in  the  fint  boui  3  gal.  of 
hot  water  in  the  lavatory,  aod.  il  a  bath  !■  taken,  30  eti.  more.  In  the  Vitchen.  6  gti.  will  ba  used  per  penon. 
making  a  total  ot  37  sal.  of  bat  water  per  person  for  the  fint  hour  in  the  day.  With  five  penoni  in  the  family,  the 
Tpquired  amount  of  hot  water  will  be  ISfi  gal. — almoit  a  prohibitive  amount  for  a  storage  tank  in  a  dwetling.  De- 
duct the  30  gal.  Ita  hot  bath  and  add  2  gal.  to  uh  In  the  lava- 
tory and  the  amount  TOQUirod  wilL  be  iS  gal.  per  penon  per 


Qaa. — Gas  used  as  a  fuel  for  heating  water  for  domeBtic  purposes  is  very  efficient  if  copper 
coils  are  utilized.  Gas  is  used  to  good  advHJitage  in  astorage  tank  heater.  Gaa  keeps  lighted 
until  the  tank  is  full  of  hot  water,  then  automatically  shuts  off.  Gas  b  also  used  in  instantan^. 
ous  heaters  which  supply  hot  water  at  the  rate  of  4  to  8  gal.  per  min.,  and  will  raise  the  water  50 
deg.  while  it  is  running  through  the  copper  coils.  The  beet  method  of  installation  for  an  in- 
stantaneous heater  is  to  equip  it  with  a  booster  connection  and  circulate  the  water  (Figs.  8 
and  9). 

Solar  Heal. — In  some  parts  of  the  country,  water  is  heated  for  domestic  use  by  means  of 
solar  heaters,  the  heat  being  derived  from  the  sun's  rays  directed  through  glass  on  to  pipe  coils 
and  tank.     Such  systems  are  becoming  incress- 
'  ingly  common  on  the  Pacific  coast  for  residential 
'  hot  water  purpoees.    The  method  is  satiafactory 
I  for  small  installations. 

Tanks. — ^Tanks  used  for.  the  storage  of  hot 
water  are  made  of  galvanized  iron  and  steel, 
I  black  iron,  or  copper.  The  latter  m&kea  the  best 
I  installation.  Galvanized  iron  or  steel  is  used  on 
I  small  installations  and  black  iron  is  used  on  large 
I  installations. 
t.wjT  CircuUUion. — Circulating  systems  we  used  in 

most  installations  where  good  service  is  essential. 
This  system  provides  for  a  pipe  to  be  run  from 
source  of  hot  water  direct  to  fixture  or  group  of  fixtures,  also  for  a  pipe  from  fixtures  back  to 
source  of  hot  water.  This  atloivs  hot  water  to  circulate  through  the  pipes  and  hot  water  is 
continually  at  hand  within  2  ft.  of  the  faucet 

tome  typea  ot  eipausion  jointa  which  may  be  used.    Theaa  ioinu  are  made  fi 

Thermoetatic  control  of  temperatureof  hot  Tatershouldbe  arranged  on  every  system.  The 
savii^  in  cost  of  fuel  will  soon  pay  for  the  installation  of  the  equipment.  The  correct  location 
of  the  thermostatic  control  is  the  first  point  to  consider.  Where  storage  system  is  used,  the 
thermostatic  member  must  he  located  at  a  point  in  the  storage  tank  that  will  allow  the  full 
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capacity  of  the  tank  to  be  heated.  Fig.  8  shows  the  incorrect  location  (dotted  lines)  of  thermo- 
static control  and  the  correct  location  (fuU  lines).  This  equipment  is  fully  as  efficient  in  the 
saving  of  coal  by  regulation  of  drafts  as  it  is  in  the  saving  of  gas.  The  location  of  the  thermo- 
static member  in  an  instantaneous  gas  heater  should  not  be  in  the  hot  water  coils  or  next  to  the 
gas  flame,  but  should  be  regulated  by  the  temperature  of  the  water  as  it  leaves  the  heater.  In 
storage  systems  where  steam  is  used  to  heat  water,  the  thermostatic  control  should  be  located 
away  from  steam  pipes. 

18.  Cold  Water  Consumption,  Valves  and  Piping. — One  of  the  first  functions  of  water 
supply  to  plumbing  fixtures  is  to  flush  properly  and  cleanse  the  fixture  after  use.  Fixtures  which 
are  not  so  designed  as  to  distribute 
the  supply  of  water  over  its  surface 
are  soon  cast  aside  and  replaced  by 
fixtures  which  will  more  efficiently 
use  the  water  supply  to  cleanse  the 
surfaces.  The  water  supply  of  a 
building  must,  therefore,  be  in  such 
quantities  and  under  such  pressure 
that  all  fixtures  on  all  floors  will  have 
at  all  times  ample  supply  to  meet 
properly  the  demands  made  upon  any 
one  or  all  of  the  fixtures. 


lap  and  shop 
Fia 


11. 


Curb  cock^     ^Leacfplpt 
-Typical  water  service  pipe. 


Wr. 


Main  or  Service  Pipe, — ^Under  the  plumbing  equipment  of  a  building  comes  the  installation 
of  a  supply  water  main,  or  what  is  known  to  the  trade  as  a  service  pipe.  The  plumber  must 
attend  to  the  necessary  permits  before  the  service  pipe  is  laid.  The  permits  required  are  as 
follows:  (1)  permit  to  excavate  street;  (2)  agreement  to  pay  for  all  water  used,  which  must  be 
signed  by  the  property  owner;  (3)  permit  to  tap  main  pipe.  For  ordinary  dwellings  a  H-in. 
tap  is  put  in  by  the  water  company  or  municipality,  as  the  case  may  be,  and  a  service  pipe  not 
smaller  than  ^  in.  should  extend  into  the  building.  The  service  pipe  must  be  laid  below  the 
frost  line.  The  necessary  valves,  etc.,  required  on  every  service  pipe  are  clearly  shown  in 
the  accompanying  sketch  (Fig.  11).  The  essential  points  to  be  considered  in  the  installation  of 
the  service  pipe  are:  (1)  permits,  (2)  size  of  service  pipe,  (3)  lead  connection,  (4)  location  of 
valves,  (5;  pressure  carried  in  main,  and  height  of  building,  (6)  quantity  required  for  a  given 
period,  and  (7)  protection  against  frost. 

Trench, — The  trench  for  the  service  pipe  must  be  made  at  right  angles  with  the  curb  line. 
The  trench  is  started  2J^  to  3  ft.  wide  at  the  top  and  is  tapered  down  to  a  point  below  the  level 

of  the  frost  line.  It  is  not  necessary  to  open  a  ditch  the  entire  length 
of  the  service  pipe  except  in  the  street  where  the  entire  section  of 
street  must  be  dug  full  depth.  On  private  property,  character  of 
soil  permitting,  the  ditch  may  be  10  ft.  long,  then  10  ft.  can  be  tun- 
neled; then  10  ft.  more  opened  and  10  ft.  tunneled,  until  the  entire 
length  is  covered. 

The  refilling  of  the  trench  is  an  operation  which  should  receive  more  atten- 
tion. Too  often  it  happens  that  after  a  trench  is  refilled  a  number  of  barrels  of 
dirt  are  left  over  and  carted  away.  The  result  is  that  after  a  few  months,  perhaps 
after  the  building  is  completed  and  in  use,  and  walks  laid  over  the  trench,  the  earth 
will  settle  in  the  trench  causing  the  walk  to  cave  in.  The  refill  of  a  trench  should 
use  all  of  the  dirt  taken  out,  and  will  do  so  if  water  is  used  to  settle  the  dirt,  or  if 
6  in.  of  dirt  is  thrown  in  »nd  tramped,  and  then  6  in.  more  added  until  the  trench  is  filled.  In  some  cities  the 
contractor  is  not  allowed  to  refill  a  trench  without  having  present  a  city  inspector.  To  save  excavation  the 
water  service  may  run  in  the  same  trench  as  the  sewer  pipe  if  the  trench  is  dug  similar  to  that  shown  in  Fig.  12. 

Siops^  VaheSf  and  Piping. — The  valves  necessary  on  a  service  pipe  into  the  building  are: 
(1)  brass  stop  at  tap,  (2)  brass  stop  at  curb,  and  (3)  brass  stop  and  waste  located  inside  the 
foundation  wall.  TTiese  valves  are  in  such  a  position  that  their  replacement  involves  expense 
and  difficulty;  therefore  the  best  materials  should  be  used.     The  valves  underground  should  be 
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Fio.  12. — ^Refill  of  sewer 
and  water  trench. 
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surrounded  with  well  tamped  earth,  and  care  should  be  taken  to  see  that  valves  are  in  an  up- 
right position. 

Every  fixture  or  isolated  group  of  fixtures  in  a  building  should  have  a  separate  supply  pipe 
extending  from  basement  main  to  faucets.  The  main  in  the  basement  should  be  located  on 
that  side  of  the  building  which  has  the  most  fixtures.  All  risers  should  extend  up  through  the 
building  on  inside  partitions,  and  where  possible  should  run  in  prepared  chases  with  removable 
front.  Ail  water  pipes  in  a  building  should  be  grouped  together  as  much  as  possible  and  every 
riser  should  have  a  separate  shut-off. 

Material  for  expoeed  and  concealed  water  pipe  varies  according  to  the  action  of  water  upon  the  material. 
Some  water  attacks  lead  more  than  it  does  brass  and  iron;  therefore  it  is  best  to  install  piping  which  is  especially 
suitable  in  resting  the  action  of  water.  Brass  pipe  in  ihost  cases  will  last  longer  as  a  water  pipe  than  any  other 
material.  It  will  be  found  much  cheaper  to  install  good  material  for  water  pipes  in  the  first  instance  than  to  be 
obliged  to  replace  good  material  within  5  or  6  yr.,  which  is  often  the  case.  Lead  pipes  extra  strong,  brass  pipe 
(iron  pipe  sise),  galvanized  iron  and  galvanised  steel  pipe  are  in  use  under  all  conditions,  and  each  material  haa  its 
advantages  over  the  others  for  particular  work.  All  piping  which  is  concealed  in  cinder  fill  or  concrete  should  be 
painted  one  coat  with  red  lead  and  oil,  or  be  asphaltum  coated,  and  then  covered  with  tarred  paper.  When  water 
pipes  pass  over  decorated  ceilings  (which  should  never  occur  if  possible  to  avoid)  they  should  run  in  a  lead  or 
copper  trough  which  should  have  a  tell-tale  pipe  extending  to  the  basement.  The  best  installations  of  water  pipe 
are  those  in  which  the  entire  system  is  arranged  for  inspection. 

The  valves  used  on  a  system  of  water  piping  are  generally  gate  valves,  compression,  globe,  and  plug  cock. 
These  valves  are  used  to  stop  the  flow  of  water  and  are  called  stops;  when  provided  with  a  waste  port  to  drain  the 
piping  from  which  the  pressure  has  been  shut  off,  they  are  called  stop  and  waste  cocks.  Valves  should  neves 
be  placed  in  a  line  of  pipe  in  such  a  position  that  they  cannot  be  taken  out  and  renewed.  There  are  numerous  maker 
of  valves  in  as  many  different  weights  but  of  the  same  sise.  It  is  well,  therefore,  to  specify  the  weight  of  valve  to 
be  used.  Valves  which  control  the  water  pressure  to  fixtures  should  be  so  placed  in  the  system  of  piping  that  they 
can  easily  be  reached  at  all  times. 

Water  Hammer, — The  pounding  noise  sometimes  heard  in  water  pipes,  known  as  water 
hammer,  is  caused  (1)  by  a  loose  packing,  stems  or  working  parts  in  a  valve  or  faucet  vibrating 
as  the  water  passes  through  it,  or  (2)  by  self-closing  cocks  not  properly  fitted.  There  should  be 
at  each  end  of  the  water  pipe  lines  an  extension  of  pipe  about  2  ft.  long  and  capped  so  as  to  form 
an  effective  air  cushion. 

19.  Hygienic  and  Some  Service  Features  of  Bubbling  Fountains  and  Other  Drinking 
Devices.' — Bacterial  diseases  may  be  transmitted  by  water  and  drinking  devices.  That  this 
may  be  better  understood  and  the  responsible  factors  linked  together  and  both  studied  from 
the  viewpoint  of  disease  prevention,  the  following  important  factors  are  presented. 

Bacterial  Diseases, — Any  disease  which  is  caused  by  bacteria  can  be  passed  along  to  som€s- 
one  else  provided  a  means  of  transfer  is  afforded.  As  an  illustration,  tubercle  baciUi  may  be 
conveyed  by  the  spray  from  one  who  is  coughing,  by  dust  or  by  handshaking.  Typhoid  bao- 
cilli  may  be  passed  from  one  to  another  by  handshaking,  by  contact,  or  soiled  linen,  in  water  or 
food. 

Water. — What  part  does  water  play  in  carrying  germs  from  one  person  to  another?  In 
order  to  answer  this  question  it  will  be  necessary  to  consider  how  disease-producing  germs  may 
get  into  water  or  on  utensils  used  in  conveying  the  water. 

Drinking  waters  are  classified  as  safe  or  unsafe,  the  former  being  free  from  the  addition  of  sewage,  household 
and  industrial  waste,  or  other  pollution.  All  surface  water  in  areas  of  human  habitation  are,  as  a  rule,  unsafe  for 
drinking  purposes  without  some  sort  of  treatment.  Springs  which  are  fed  by  surface  washings,  and  particularly 
those  which  emerge  at  the  foot  of  hills,  are  also  liable  to  become  polluted.  Shallow  wells,  streams,  rivers,  and 
lakes,  which  receive  water  from  surface  drainage,  are  as  a  rule  not  safe  to  drink  without  treatment. 

Water  and  Bacterial  Diseases, — The  water  supplied  from  such  wells  is  apt  to  be  highly  pol- 
luted, containing  a  large  number  of  bacteria  and  other  objectionable  material.  The  surface 
washings  and  underground  seepage  which  find  their  way  into  such  a  well,  drain  directly  or  in- 
directly from  outhouses,  barns,  and  other  refuse. 

^  By  Frank  R.  King,  Domestic  Sanitary  Engineer,  Madison,  Wis.  Extracts  are  taken  from  an  investigatoin 
report  entitled  "  Water  Supplies  and  Drinking  Devices,  How  They  May  Spread  Bacterial  Diseases, "  by  Dr.  W. 
D.  Stovall,  Bacteriologist,  and  Frank  R.  King,  Domestic  Sanitary  Engineer,  Madion,  Wis. 
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Diflease-produciiic  baotarU  are  thus  eonveyod  into  the  water  supply.  People  drinking  and  using  water  bo 
polluted  are  Tery  frequently  troubled  with  diarrheal  diseaaee,  typhoid  fever,  and  other  intestinal  and  digestive 
complaints. 

Drinking  Devices, — Ab  a  result  of  the  concentration  of  people  in  cities,  public  buildings, 
places  of  employment,  schools,  parks,  etc.,  the  danger  of  the  transmission  of  diseases  caused  by 
bacteria  is  greatly  increased.    The  spread  of  disease  is  not 
wholly  confined  to  the  water  at  its  source  of  supply,  but 
depends  frequently  upon  the  means  by  which  each  indi- 
vidual obtains  a  drink. 

The  water  supply,  when  poUuted  at  its  source,  is  usually  responsible 
for  the  spread  of  such  diseases  as  typhoid,  cholera,  and  dysentery.  Other 
diseases,  S3rphilis,  tuberculosis,  diphtheria,  tonsilitis,  and  pneumonia,  are 
frequently  spread  not  by  the  water  but  by  the  depositing  upon  drinking 
devices  of  mouth  secretions  and  sputa  of  people  who  are  earrjring  the 
germs  which  cause  these  diseases.  The  old  common  drinking  cup  still  is 
one  means  by  which  these  diseases  are  frequently  spread. 


Fio.  13. 


Fia  14. 


Common  Drinking  Cup. — In  factories,  in  railroad  stations,  on  railroad  trains,  in  public  parks 
and  public  buildings  where  not  prohibited,  it  is  the  rule  to  see  a  tin  cup  tied  to  the  water  cooler 
(Fig.  13),  and  everybody  is  invited  to  come  and  have  a  drink  from  the  same  cup.  This  cup  is 
used  by  the  sick  and  well;  by  those  who  have  syphilis  and  other  communicable  diseases,  and 
by  those  who  have  not.     The  man  with  syphilis  at  some  time  during  the  disease  usually  has 

sores  in  his  mouth.  These  sores  grow  from  small  ulcers  in  the  throat 
and  mouth  to  large  ulcers  which  involve  the  inside  of  the  cheeks,  the 
gums  and  the  tongue.  The  sores  are  open,  that  is  raw,  and  the 
saliva  and  secretions  from  the  mouth  of  such  a  person  carry  the  germ 
which  causes  syphilis.  When  he  or  she  drinks  from  the  common 
drinking  cup,  there  is  deposited  around  the  side  of  the  cup  saliva  from 
the  mouth.  Sometimes  indeed  the  cup  dips  into  or  rubs  sores,  and 
some  of  the  dead  tissue  always  lying  loosely  on  the  surface  is  left  on 
the  side  of  the  cup.  The  next  person  who  drinks  puts  into  his  or  her  mouth  the  same  cup, 
rubs  the  infected  surface  maybe  on  a  crack  in  the  lip  or  a  small  sore  on  the  tongue,  and,  ^  a 
result,  acquires  syphilis.  This  illustrates  how  the  common  drinking  cup  often  serves  to  transfer 
disease  from  one  mouth  to  another. 

Individual  Drinking  Cup, — In  order  to  stop  this  means  of  spreading  disease,  many  new  and 
ingenious  methods  have  been  devised.  Individual  drinking  cups  of  various  types  made  of 
paraffin  paper  are  frequently  seen.  These  individual  cups  are  the  very 
best  means  afforded  to  obviate  the  dangers  of  the  common  drinking  cup, 
and  are  inexpensive.  Not  a  few  public  water  fountains  have  a  special  CI^2^ 
mechanical  device  for  distributing  paraffin  cups.  This  device  consists  of  a  \  /  (o) 
long  glass  tube,  which,  after  being  filled  with  cups,  is  set  into  a  container  ^ 
provided  with  a  simple  mechanism  which  is  operated  by  a  small  lever  on  the 
side,  delivering  a  cup  at  each  operation  (fig.  14). 

Bubbler  Fountain, — ^Another  popular  way  of  supplying  drinking  water 
in  public  places  is  through  the  bubbling  fountain.  The  foimtain  flows 
continuously  or  is  supplied  with  a  hand-operated  control  valve.  The  object 
of  the  bubbling  fountain  is  to  supply  each  individual  with  a  drink  without 
the  necessity  of  bringing  the  lips  in  contact  with  the  drinking  device. 
Therefore,  if  the  fountain  meets  these  requirements,  the  stream  must  bubble 
high  enough  so  that  the  water  can  be  drunk  without  the  lips  coming  in 
contact  with  the  bubbler  head  (Fig.  15a). 

There  are  various  types  of  these  bubblers.  Nearly  all  of  them  deliver  the  stream  of  water 
in  a  vertical  direction.  A  later  type  of  bubbler  delivers  the  water  at  an  angle  of  about  45  deg. 
(Figs.  156  and  18). 

A  recent  make,  '' Vertico  Slant, "  delivers  the  stream  at  an  angle  of  8  deg.  (Fig.  19).    The 
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special  sanitary  feature  of  this  type  lies  in  the  slanting  stream.  This  hygienic  feature  is  intended 
to  prevent  contact  of  the  mouth  and  bubbler  devices.  Some  fountains  are  constructed  so  that 
the  water  stagnates  inside  the  bubbler  head  (Pig.  16c).     This  is  considered  an  objectionable 

eature.      In  other  styles  the  fountain  is  constructed  with  a  bowl 

which  retains  water  and  frequently  the  individual  drinks  from  a  pool 

(")    ^  IC  ^^  water  which  has  furnished  many  others  with  a  drink.    This  is  little 

or  no  better  than  the  common  drinking  cup  (Figs.  16a  and  166). 


(h) 


(c) 


Some  types  have  been  oonstructed  to  give  a  flow  at  an  angle  from  the  bubbler 
and  are  equipped  with  a  guard  on  the  side  (Fig.  16d).  This  guard  may  be  obje<^ 
tionable.  Many  who  attempt  to  drink  from  this  type  of  bubbler  place  the  face 
against  the  guard.     This  affords  a  means  for  the  spread  of  disease  by  contact. 

Bubbler  heads  equipi>ed  with  small  pads  of  cotton  or  other  material  to  act  as 
a  filter  for  the  water  are  not  satisfactory.  The  cotton  collects  bacteria  and  dirt, 
and  may  actually  increase  Uie  number  of  bacteria  in  the  water  after  it  passM 
through  the  bubbler. 

Portable  drinking  fountains  are  often  found  in  public  places  where  running 
water  is  not  available.  Fig.  17(a)  illustrates  such  a  type.  A  constant  pressure 
sufficient  to  force  the  water  the  desired  height  above  the  bubbler  head  usually  is  not 
obtained  in  those  fountains  (Fig.  176),  and  as  a  result  the  lips  are  often  placed 
against  the  head  of  the  bubbler  in  order  to  obtain  a  drink.  Those  bubblers  of  this 
Pjq    jq^  type,  having  inadequate  pressure,  are  perhaps  but  little  better  than  the  common 

drinking  cup. 
The  individual  drinking  cup  as  already  described  in  Fig.  14  should  take  the  place  of  this  type  of  drinking 
fountain. 

The  important  considerations  in  operating  bubbler  fountains  are  adequate  water  supply,  uniform  pressure, 
and  cleanliness.  The  pressure  should  be  adequate  to  force  the  stream  sufficiently  high  so  that  the  drinker  may 
"bite"  the  bubbling  stream.  The  bubbler  head  should  be  of  as  plain  construction  as  possible.  Of  the  vertical 
stream  type  of  bubbler,  the  mushroom  head  type  is  the  most  satisfactory  (Fig.  15),  and  when  sufficient  volume 
and  pressure  of  water  are  supplied  the  angle  at  which  the  stream  bubbles  makes  little  difference. 
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FLXTMBING  AND  DRAINAG^—TTPICAL  REGULATIONS  AND  SUGGESTIONS 

By  Frank  R.  King 

A  modem  system  of  sanitary  plumbing  is  an  influential  factor  in  maintaining  and  extend- 
ing the  hygiene  of  the  home,  school,  office,  or  industry,  and  contributes  to  the  maximum  comfort 
of  those  who  enjoy  its  advantages.  It  is  now  recognized  more  than  ever  before  as  a  neces- 
sary sanitary  improvement.  Conversely,  insanitary  plumbing  installations  are  inimical  to  the 
health  and  well  being  of  the  public.  It  is  considered  necessary,  therefore,  to  protect  those  who 
are  not  familiar  with  the  principles  of  safe  plumbing  construction  against  incompetent  or  indif- 
ferent persons  who,  in  the  absence  of  official  restrictions,  might  take  advantage  of  such  ignorance 
to  design  or  install  plumbing,  water  supply  or  drainage  systems  which  may  be  a  constant  menace 
to  health  and  comfort. 

To  this  end,  state  and  municipal  regulations  and  ordinances  have  been  enacted  to  guard 
against  inefficient  installations. 

20.  "Outside  of  Building"  Regulations. — The  following  are  typical  requirements  in  a  local 
plumbing  ordinance  capable  of  being  applied  to  the  average  municipality.     This  measure  de- 
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fines  plumbing  and  drainage  and  coverfi  such  subjects  as  inspection  and  supervision,  licensing, 
permits,  fees,  bonds,  penalties,  construction  and  materials  of  house  drains  from  building  to  street 
mains,  and  other  phases  of  the  work.  For  plumbing  ordinance  requirements  within  the  building, 
reference  should  be  made  to  Art.  22  dealing  with  requirements  of  modem  codes. 

Plttmbing  Defined. — For  the  purpose  of  ordinancee*  plumbing  may  be  defined  to  be  the  placing  of  all  plumbing, 
water  supply  and  drainage  materiale  and  appliances  ^ithin  any  building  and  from  3  to  5  ft.  outside  of  the  building, 
and  the  construction  and  alteration  of  all  pipes,  faucets,  tanks,  valves  and  other  fixtures  by  and  through  which  water 
supply  or  waste  or  sewage  is  used  or  carried  in  any  manner  whatsoever. 

Draixilayiiig  Defined. — Drainlaying  for  the  purpose  of  ordinance  requirements  may  be  defined  generally 
to  include  the  connecting  of  drains  to  the  main  sewers  in  streets  or  allesrs,  placing  of  materials,  construction  and 
alteration  of  drains,  beginning  3  to  6  ft.  from  the  foundation  or  area  wail  of  the  building,  to  its  oonnecUon  and 
the  main  sewer  in  the  street,  alley  or  other  disposal  terminal. 

Inspection  and  Sapenrision. — The  plumbing  inspector,  under  the  direction  of  a  state  department  or  municipal 
governing  body,  usually  has  control  of  the  supervision  and  insi>eetion  of  plumbing,  drainage  and  drainlaying,  and 
is  required  to  enforce  ftll  laws,  ordinances,  and  rules  in  relation  thereto.  It  is  the  duty  of  the  plumbing  inspector 
to  see  that  the  construction,  re-construction  and  alterations  of  all  plumbing,  drainage  and  plumbing  ventilation 
installed  in  all  buildings  coming  under  the  jurisdiction  of  the  state  or  local  regulations  conform  with  the  laws  and 
ordinances  and  the  rules  and  regulations  laid  down  by  the  state  or  local  governing  bodies.  When  ordered  by  the 
state  or  local  authorities,  he  is  empowered  also  to  inspect  water  services  as  to  their  depth  below  grade,  manner 
of  construction,  materials  and  workmanship,  replacing  of  earth,  pavements  and  sidewalks,  and  to  supervise  public 
sewer  work,  sewer  connections,  and  excavations  made  for  the  same. 

Plumbing  and  Drainlaying  Permits  and  Fees. — Under  local  CNrdinances,  and  sometimes  under  state  regula- 
tions, noidumbing  may  be  done,  except  in  case  of  repairing  leaks  and  stoppages,  without  a  permit  first  being  issued 
therefor  by  the  inspector  of  plumbing  and  the  payment  of  the  proper  fees.  When  necessary  the  applicant  for  a 
plumbing  or  dramlajring  permit  must  file  with  the  plumbing  inspector  a  plan  and  specification  showing  in  detail 
the  work  to-be  done.  Before  the  inspector  issues  such  permit  he  must  approve  the  application  and  issue  to  the 
applicant  a  statement  showing  the  fees  to  be  paid  for  such  permit.  Upon  presentation  to  the  plumbing  inspector 
of  the  proper  receipt  showing  the  payment  of  all  legal  fees,  the  permit  is  issued  for  the  work  set  forth  in  the 
application. 

Schedule  ci  Feet. — The  schedule  of  fees  to  be  paid  varies  in  different  cities.  A  typical  fee  schedule  follows: 
For  each  sewer  connection  and  for  the  first  6  fixtures,  50^  each;  and  for  each  additional  fixture,  25^.  Such  schedule 
applies  to  the  following  list  of  fixtures:  Sinks,  water-closets,  baths  of  any  description,  soda  fountains,  refrigerators 
or  ioe  boxes,  sanitary  bubblers,  catch  basins  or  similar  receptacles,  machine  waste  connections,  acid  tanks,  sumps 
and  ejectors,  rain-water  cistern  connections,  private  sewage  disposal  plants,  changes  and  alterations  where  in- 
spections are  necessary,  and  house  drain,  sewer,  water,  and  fire  protection  installations  when  no  plumbing  fixtures 
are  installed.  In  some  places  a  flat  rate  is  charged  for  water  and  sewer  connections,  based  on  the  size  of  the  pipes 
to  be  installed. 

It  is  usually  required  that  no  plumbing  or  drainage  of  any  character,  except  leakage  repairs  and  stoppages, 
shall  be  installed  unless  a  permit  for  the  work  has  been  issued  by  the  plumbing  inspector,  and  that  no  person  shall 
interfere  in  any  way  with  the  work  of  inspection,  or  permit  any  plumbing  or  drainage  to  be  used  until  it  has  been 
inspected  and  approved  by  the  inspector,  unless  special  permission  is  given  by  the  proper  authorities. 

Plnmbers'  and  Drainlayers'  Licenses. — Most  municipalities,  and  some  states,  require  that  no  person,  firm 
or  oorporation  shall  carry  on  the  business  of  plumbing  or  drainlaying,  or  perform  such  work  until  licenses  and  per- 
mits have  first  been  obtained  as  required  by  law  or  ordinance,  except  that  property  owners  or  their  employes  shall 
not  be  prohibited  from  removing  stoppages  in  waste  pipes  or  repairing  valves  or  faucets  without  a  permit. 

Bond. — Those  coming  under  the  provisions  -of  such  ordinances  are  usually  required  to  execute  a  good  and 
sufficient  bond,  with  two  or  more  sureties,  or  an  indemnity  bond,  to  be  approved  by  the  governing  bodies,  condi- 
tional upon  the  faithful  performance  of  all  work  in  accordance  with  the  laws,  ordinances,  rules  and  regulations 
governing  the  installation  of  plumbing  and  drainage. 

Avfhority  to  Enter  Premises. — The  plumbing  inspector  should  have  power  and  authority  at  all  reasonable  times 
for  any  proper  purpose  to  enter  upon  any  private  or  public  premises  and  make  inspection  thereof,  and  to  require 
the  presentation  of  the  license  and  permit  of  any  persons  doing  plumbing  or  drainlaying  work.  Anyone  resisting 
or  obstructing  any  lawful  exercise  of  authority  by  the  plumbing  inspector  is  made  subject  to  a  penalty. 

Holice  for  Inspection^— Whenever  any  work  is  ready  for  inspection  the  plumbing  inspector  must  be  notified 
by  the  plumber  in  charge  or  persons  receiving  the  permit,  as  directed  by  the  plumbing  inspector,  specifying  the 
street  and  house  number  when  possible,  and  ^he  plan  or  permit  number  under  which  the  work  is  being  done.  Un- 
less otherwise  specially  permitted  by  the  inspector,  all  work  of  plumbing  -or  drainlajdng  must  be  left  uncovered 
fox  examination  and'  approval  by  the  inspector.  The  plumber  should  make  such  arrangements  as  will  enable  the 
inspector  to  search  all  parts  of  the  building  readily,  have  present  the  proper  apparatus  and  appliances  for  making 
the  tests,  and  furnish  all  materials  and  perform  all  labor  in  making  the  tests. 

Replacing  Street  Surface. — When  opening  any  street  surface  or  other  public  way,  all  material  for  paving  or 
ballasting  should  be  removed  with  the  least  possible  loss  of  surfacing  material,  and,  together  with  the  excavated 
material,  should  be  placed  where  it  will  cause  the  least  Inconvenience  to  the  public,  and  all  such  materials  should 
be  so  placed  as  to  admit  the  free  passage  of  water  along  the  gutters.  As  little  of  the  trench  as  possible  should  be 
dug  until  the  slant  or  junction  piece  to  the  sewer  is  found.  The  backfilling  should  be  puddled,  and  the  paving 
and  ballast  replaced  in  as  nearly  the  original  condition  as  possible  and  to  the  satisfaction  of  the  officials.     When  the 
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sides  of  the  trenches  will  not  stand  perpendioular,  sheathinit  And  braces  should  be  used  to  prevent  cavinc.  When 
caving  occurs,  all  the  street  surface  thus  disturbed  should  be  restored  in  the  same  careful  manner  as  thouch  it  were 
an  excavation  or  a  trench. 

Protection  of  Pubbc. — Every  plumber  and  drainlayer  should  enclose  openings  made  in  streets  or  public  ways 
with  sufficient  barriers,  and  maintain  red  lights  from  sunset  to  sunrise,  one  placed  at  each  end  of  openings  in  streets 
and  the  others  at  intervals  of  TO  ft.  All  necessary  precautions  should  be  taken  to  guard  the  public  effectually  from 
accidents  or  damage  to  persons  or  property  from  the  beginning  to  the  end  of  the  work.  Plumbers  and  drainlayos 
should  be  held  responsible  for  all  damages,  including  costs  incurred  by  the  municipality  or  owner  in  defending  any 
action  that  may  be  brought  for  damages,  and  costs  of  any  appeal  that  may  result  from  any  nes^ect  of  the  plumber 
or  his  employes  to  take  necessary  precautions  against  possible  injury  or  damage  to  persons  or  property. 

Record  of  Drain  Junctions. — The  city  engineer  is  usually  charged  with  keeping  a  record  of  all  sewer  connections 
on  maps  showing  their  location  and  the  position  of  ail  house  drains,  connections,  and  junctions,  and  presenting 
other  necessary  data.  No  person  except  licensed  drainlayers  should  be  permitted  to  tap  or  make  connection  with 
the  general  sewerage  system  or  any  part  thereof.  Such  information  as  the  municipality  haa  with  regard  to  the 
location  of  sewer  junctions  or  slants  should  be  at  the  disposal  of  drainlayers,  but  at  their  risk  as  to  its  accuracy. 
When  in  compliance  with  the  measurements  furnished  by  the  municipality  the  junction  is  not  found,  a  slant  con- 
nection and  one-eighth  bend  should  be  used,  and  such  connection  made  under  the  direction  of  the  plumbing  in- 
spector or  other  authorised  official. 

Drain  for  Each  Building. — ^Whenever  practicable,  the  sewerage  and  drainage  sjrstem  of  every  house  orb  uilding 
should  be  separately  or  independently  connected  with  the  street  sewer,  except  that  where  a  building  stands  in  the 
rear  of  another  on  the  same  lot,  the  house  drain  from  the  front  building  may  be  extended  to  the  rear  building,  barn, 
or  private  garage. 

Size,  Quality  and  Weight  of  Materials. — The  drain  pipe  extending  from  the  main  sewer  to  a  point  within  3 
to  5  ft.  of  the  outside  wall  of  residences  of  not  more  than  two  stories,  should  be  constructed  of  &-in.  vitrified  clay 
pipe  or  4-in.  cast-iron  pipe,  and  in  all  other  cases  drains  extending  from  the  main  sewer  to  the  outside  or  to  the 
area  wall  should  be  constructed  of  6-in.,  or  larger,  vitrified  clay  pipe  or  of  5-in.  extra  heavy  cast-iron  pipe. 

Defective  or  Inferior  Pipe  Prohibited. — Ordinances  usually  forbid  the  laying  or  connecting  with  any  public 
sewer  of  pipes  that  are  cracked,  damaged,  or  of  inferior  make  or  quality,  under  penalty. 

Grade  of  Drains. — All  drains  outside  of  the  building  from  sewer  to  lot  line  and  designed  to  receive  solid  sub- 
stances, should  have  a  grade  of  K  i°«  or  more  i>er  foot  if  possible;  and  in  no  case  should  the  grade  be  less  than  H 
in.  per  foot.  Where  the  main  sewer  in  the  street  has  sufficient  depth  or  where  a  lot  is  3  ft.  or  more  above  grade 
line,  the  drain  between  the  curb  line  and  lot  lino  may  receive  such  greater  inclination  as  in  the  judgment  of  the 
local  officials  may  be  deemed  proper. 

Drain  Ends  and  Connections  Guarded. — The  ends  of  all  sewer  and  drain  pipes  not  immediately  connected 
should  be  securely  closed  to  prevent  the  introduction  of  sand  or  earth;  and  where  the  end  of  the  sewer  or  drain  pipe 
is  connected  with  a  temporary  catch  basin  for  foundation  during  the  erection  of  any  building  or  for  other  purpoees, 
the  drainlayer  should  guard  the  same  against  the  introduction  of  sand  or  earth. 

Construction  of  Joints. — ^All  joints  of  sewer  and  drain  pipes  must  be  pointed  carefully  on  the  outside  and  the 
pipe  left  clean  and  smooth  on  the  inside  by  drawing  through  it  a  swab  or  scraper.  Along  the  entire  length  of  the 
drain  or  sewer,  the  joints  should  be  securely  and  completely  bedded  and  covered  in  good  quick-setting  cement  to 
prevent  the  escape  of  water,  sewage  or  air.  The  mortar  should  consist  of  one  part  cement  and  two  parts  clean  sharp 
sand  which  are  to  be  mixed  dry  and  wetted  only  in  small  quantities  as  used.  The  use  of  tempered  cement  in  any 
case  should  be  prohibited. 

Change  of  Direction  and  Alignment. — All  sewer  and  drain  pipes  should  be  laid  carefully  in  a  trench  with  per- 
fect alignment  where  the  bottom  is  trimmed  to  a  perfect  grade;  and  any  deviation  or  change  of  direction  from  a 
straight  run  should  be  made  by  the  use  of  proper  curves  and  Y*s.  No  sewer  or  drain  pipes  should  be  clipped  where 
proper  fittings  can  be  used  for  change  of  direction. 

Backfilling. — Backfilling  should  be  made  with  due  care  and  in  a  workmanlike  manner,  aeoording  to  approved 
standards  and  methods,  in  order  to  prevent  the  settling  of  the  drain  or  sewer. 

Catch  Basins  and  Receptacles. — All  sewer  and  drain  pipes  which  must  be  left  oi>en  to  drain  cellars,  areas,  yarda, 
drain  pipes,  or  other  places,  should  be  connected  with  catch  basins  of  brick,  vitrified  cement  pipe,  concrete,  or  other 
suitable  substance,  the  bottom  of  which  should  not  be  less  than  2H  ft.  below  the  bottom  of  the  outlet  pipe.  Every 
such  catch  basin  or  receptacle  should  be  placed  inside  the  line  of  the  lot  to  be  drained,  and  be  properly  trapped. 

Old  Pipe  or  Drain. — Whenever  necessary  to  disturb  a  drain  or  sewer  in  actual  use,  it  should  not  be  obstructed 
or  disconnected  except  by  special  i>ermi8Bion  of  the  plumbing  inspector,  and  it  is  usually  prohibited  to  make  new  ooo- 
nections  with  or  extensions  to  any  old  drain  without  sp>ecial  permission  of  the  proper  authorities. 

Drain  When  Obstructed. — Where  the  course  of  any  sewer  or  drain  is  obstructed  by  water,  gas,  steam  or  other 
pipes  or  conduits,  the  question  of  passing  over  or  under  such  obstruction  or  of  the  raising  or  lowering  thereof  so  as 
to  permit  the  construction  and  installation  of  the  sewer  or  drain  should  be  determined  by  a  oomi>etent  munidpsU 
official. 

Permit  to  Connect  During  Freezing  Weather. — In  cold  climates  no  opening  in  the  streets  for  making  eonnee- 
tions  with  a  main  sewer  is  permitted  when  the  ground  is  frozen  except  when  in  the  judgment  of  the  authorities  such 
connection  is  absolutely  necessary,  and,  if  such  permission  is  granted,  the  work  should  be  done  as  directed  by  the 
official  grantins  the  permit. 

Protecting  Pipes  Against  Frost,  Injury  or  Settling. — All  water,  sewer,  drain,  gas.  conduits  or  other  piping  should 
be  protected  from  injury,  frost  or  settling  to  the  satisfaction  of  the  loeal  authorities. 

Protecting  Sewers  and  Drains. — No  person  should  permit  any  earth,  sand  or  other  seUd  maisrial  to  soter 
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into  any  main  aewer  during  the  procren  of  any  work  in  laying  drains  or  sewers,  making  alterations,  extensions  or 
repairs  to  the  same*  or  in  connecting  such  drains  or  sewers  with  the  main  sewers. 

DcmiAS  Coa^oyiag  Industrial  Wastes. — No  factory,  brewery,  chemical  plant,  stockyards,  slaiighter-house, 
tannery  or  other  structure  should  be  connected  by  any  drain  or  sewer  with  the  main  sewer,  through  which  it  is 
intended  to  discharge  any  offal,  garbage,  filth  or  other  solid  refuse  or  through  which  objectionable  substances  may 
be  discharged  into  the  main  sewer,  unless  such  installations  are  provided  with  approved  treatment  appliances. 
Prenuses  should  not  be  connected  with  any  drain  or  sewer  entering  into  a  main  sewer  through  which  any  obnoxious, 
explosive,  mtilodorous  or  unhealthful  liquids  or  substances  may  be  discharged  into  the  main  public  sewers. 

Adequate  Flush  for  Drains. — The  connecting  of  water-closets  with  any  drain  or  sewer  unless  means  are  em- 
ployed iar  the  abundant  and  adequate  flushing  of  the  same  with  clear  water  every  time  they  are  used,  should  be 
forbidden.  Every  such  closet  or  similar  appliance  should  be  properly  connected  with  an  adequate  water  supply 
system,  either  public  or  private. 

Steam  or  Hot  Water  "Blow-offs." — Exhausts  or  "blow-offs"  from  steam  boilers  or  engines  should  not  be 
connected  with  any  drain  or  sewer,  but  should  be  discharged  only  into  catch  basins  or  an  adequate  cooling  recep- 
tacle. 

Penalty* — ^The  f  oUowing  may  be  taken  as  a  tsrpical  penalty  provision.  "  Any  master  or  journeyman  plumber, 
drainlayer,  property  owner,  or  oth^  person  who  shall  willfully  violate  any  of  the  provisions  of  this  ordinance,  or 
who  shall  install  or  allow  to  be  installed  any  plimibing  or  drainage  in  this  city  (village)  contrary  to  the  provisions 
of  this  ordinance,  shall  be  deemed  guilty  of  a  misdemeanor  and  shall  be  subject  to  a  fine  of  not  less  than  $10,  and 
not  to  exceed  $50»  or  imprisonment  in  the  county  jail  not  exceeding  30  days  iox  each  and  every  violation  thereof. 
Each  day  of  such  violation  shall  constitute  a  separate  offense." 

21.  Explanation  of  Tenns. — Plumbing  work  embraces  all  piping  and  appurtenances  in 
connection  with  the  drainage,  ventilation,  or  water  supply  systems  within,  and  to  a  point  from 
3  to  5  ft.  outside,  the  building  or  other  parts  of  the  structure,  and  may  include  the  water  service 
and  house  drain  piping  and  appliances  to  the  mains  in  the  street,  alley,  or  other  terminal. 

Hqj^  aewer  or  main  drain  is  that  part  of  the  horizontal  piping  beginning  3  to  5  ft.  from  the  foundation  wall 
to  its  connection  with  the  main  sewer,  cesspool  or  sewage  treatment  tank,  or  other  disposal  terminal. 

Hotue  drain  is  that  part  of  the  horizontal  piping  of  a  house  drainage  system  which  receives  the  discharge  of 
aO  soil;  waste  and  other  drainage  pipes  inside  the  walls  of  a  building  and  conveys  it  to  the  house  sewer,  3  to  5  ft. 
outside  the  foundation  wall  of  the  building. 

Soil  pipe  is  any  pipe  which  conveys  the  discharge  of  water-closets  with  or  without  fixtures  to  the  house  drain. 

Waaie  pipe  is  any  pipe  which  receives  the  discharge  of  any  fixture  except  water-closets  and  conveys  the  same  to 
the  soil  pipe  or  house  drain. 

Main  eoil  or  watte  vent  is  that  part  of  the  main  soil  or  waste  pipe  above  the  highest  instj^lled  branch  or  fixture 
connection,  extending  through  the  roof. 

Vent  pipe  is  any  pipe  provided  to  ventilate  a  drainage  and  plumbing  system  of  piping  and  to  prevent  siphonage 
and  back  pressure. 

Back  vent  pipe  is  that  part  of  a  vent  pipe  which  connects  directly  with  an  individual  trap  underneath  or  back 
of  the  fixture  and  extends  to  the  branch,  main,  soil  or  waste  pipe  at  any  point  higher  than  the  fixture  or  fixture 
thkps  it  serves. 

Unit  vent  is  one  which  denotes  an  installation  so  arranged  that  one  pipe  will  serve  two  traps. 

Circuit  vent  is  a  connection  made  by  joining  a  nearly  horizontal  trap  outlet  with  a  waste  and  vent  pipe  in  such 
a  manner  that  a  continuous  vent  is  formed. 

Local  vent  is  a  pipe  or  shaft  serving  to  convey  the  foul  air  from  plumbing  fixtures  or  room  to  the  outer  air. 

7*rap  is  a  fitting  constructed  to  prevent  the  passage  of  air  or  gas  through  a  pipe  without  materially  affecting 
the  flow  of  sewage  or  waste  water,  and  which  is  self-scouring. 

Depth  of  seal  trap  is  indicated  by  the  height  of  the  water  column  measured  between  the  overflow  and  the  dip 
sep«trating  the  inlet  and  outlet  arms  of  the  trap. 

Deep  seal  resealing  trap  of  the  centrifugal  self-scouring  type  is  a  trap  in  which  the  water  motion  is  both  centrif- 
ugal and  upward  at  each  discharge  of  the  fixture  and  retains  an  adequate  amount  of  water  to  form  an  efficient 
trap  seal. 

Deep  aeal  is  a  term  applied  to  a  trap  having  a  water  seal  twice  the  depth  of  the  common  trap. 

Subsoil  drain  is  that  part  of  a  drainage  sjrstem  which  conveys  the  ground  or  seepage  water  from  the  foot  of 
walls  or  below  the  cellar  bottom  to  the  house  sewer,  independent  of  the  house  drain. 

Conductors  or  roof  leaders  are  the  pipes  which  carry  the  storm  or  rain  water  from  the  roofs  of  buildings  to  the 
house  or  yard,  drain  or  sewer.     The  vertical  portion  of  the  conductors  is  usually  referred  to  as  the  down  spout. 

Back  flow  is  a  term  denoting  the  reversal  of  flow  in  a  drainage  system. 

Decul  end  is  that  part  or  branch  of  a  drainage  sjrstem  which  is  without  a  free  circulation  of  air. 

Private  sewer  is  one  which  has  an  independent  sewage  disposal,  hot  connected  with  a  public  sewer,  and  which 
accommodates  one  or  more  houses. 

A  sanitary^sewer  is  a  drain  or  sewer  constructed  to  convey  organic  sewage  from  buildings  to  a  septic  or  bacterial 
treatment  tank  or  other  point  of  disposal  and  from  which  all  surface  and  storm  water  is  excluded. 

A  septic  or  biological  tank  is  a  reservoir  or  tank  which  receives  crude  sewage,  and  by  bacterial  action,  liquefica- 
tion,  and  sedimentation  effects  a  process  of  purification  and  clarification. 
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Cutpool  is  an  excavation  in  the  ground  made  for  the  receiving  of  crude  sewage,  and  so  constructed  that  the 
organic  matter  is  retained  while  the  liquid  portion  is  permitted  to  seep  through  its  walls. 

Rural  or  iaolaUd  reiideneea  are  understood  to  be  those  situated  at  such  a  distance  from  public  sewer  system  that 
their  drainage  systems  cannot  become  tributary  to  such  public  system. 

Roughing  in  is  the  placing  of  all  that  part  of  a  drainage  or  vent  system  which  can  be  completed  before  the 
plumbing  fixtures  are  installed. 

Wiping  a  joint  is  a  method  of  joining  two  pieces  of  metal,  in  which  the  solder  is  fused  on  the  joint  and  wiped 
to  a  smooth,  neat  finish  with  a  wiping  cloth,  and  having  a  thickness  of  solder  over  that  part  of  the  joint  where  the 
metals  join  of  not  lees  than  one-fourth  inch. 

Sanitary  plumbing  is  understood  to  denote  plumbing  so  designed  and  installed  that  it  can  be  kept  clean — that 
is,  free  from  defects  in  construction — and  that  conforms  in  every  particular  with  good  practice  and  sanitary 
essentials. 

Private  dwtHling  is  understood  to  be  any  building  used  only  for  living  purposes  and  occupied  by  not  more  than 
two  families. 

AlignmerU  is  understood  to  indicate  "in  a  straight  line,"  graded,  horisontal  or  perpendicular. 

Terminal  is  that  part  of  a  drainage  or  vent  system  which  projects  above  the  roof  of  the  building  or  the  end  of 
the  house  drain  connecting  to  the  septic  tank  or  house  sewer,  or  other  disposal  terminal. 

Public  building  as  defined  by  state  and  local  ri^ulations  means  any  structure  used  in  whole  or  in  part  as  a 
place  of  resort,  assemblage,  lodging,  trade,  traffic,  occupancy,  or  use  by  the  public,  or  by  three  or  more  tenants. 

Place  of  employment  means  every  place,  whether  indoors  or  out,  or  underground,  and  the  premises  appurtenant 
thereto,  where  either  temporarily  or  permanently  any  industry,  trade  or  business  is  carried  on  or  where  any  process 
or  operation,  directly  or  indirectly  related  to  any  industry,  trade  or  business,  is  carried  on,  and  where  any  person 
is  directly  or  indirectly  employed  by  another  for  direct  or  indirect  gain  or  profit,  but  does  not  include  any  place 
where  i>er8ons  are  employed  in  private  domestic  service  or  agricultural  pursuits  which  do  not  involve  the  \ise  of 
mechanical  power. 

Basement  may  be  defined  as  that  portion  of  the  building  whose  floor  line  is  below  the  grade  at  the  main  en- 
trance and  whose  ceiling  is  not  more  than  9  ft.  above  the  grade.  The  first  floor  is  that  next  above  the  basement, 
or  the  lowest  floor  if  there  is  no  basement.  The  total  number  of  stories  in  a  building  is  understood  to  embrace  all 
stories  except  the  basement. 

Height  of  buHding  is  generally  measured  at  the  center  line  of  its  principal  front,  from  the  street  grade  (or  if 
setting  back  from  the  street,  from  the  grade  of  the  ground  adjoining  the  building)  to  the  highest  part  of  the  roof, 
or  to  a  point  two-thirds  of  the  height  of  the  roof,  if  a  gabled  or  hipped  roof.  If  the  grade  of  the  lot  or  adjoining 
street  in  the  rear  or  alongside  of  the  building  falls  below  the  grade  at  the  front,  the  height  should  be  measured  at 
the  center  -of  the  building. 

Approved,  as  used  in  plumbing  and  drainage  ordinances,  is  a  term  usually  signifying  the  installation  is  approved 
by  state  or  local  authorities  in  conformance  with  state  laws  or  local  regulations  governing. 

22.  "Within  the  Building"  Regulations. — In  this  article  are  set  forth  in  brief  form  typica 
plumbing,  water  supply  and  drainage  requirements  as  contained  in  modem  st-ate  and  local 
codeSj  and  rules  and  regulations  applicable  to  work  wUhin  the  building. 

The  important  "within  the  building"  requirements  in  connection  with  plumbing,  water 
supply  and  drainage  systems  may  be  summed  up  as  follows: 

(a)  Location  with  reference  to  convenience. 

(6)  Adequate  housing. 

(c)  Approaches  affording  due  privacy. 

(d)  Proper  construction  of  floors,  walla,  partitions,  etc. 

(e)  Lighting,  heat,  and  effective  room  ventilation. 

(J)    Kind  and  niunber  of  fibctures  and  other  appurtenances. 

(jg)   Design  and  arrangement  of  piping  fixtures,  etc. 

(A)  Kind,  quality  and  weight  of  materials. 

(i)    Types  of  traps  and  re-vents  necessary. 

0)    Safe  and  adequate  water  supply. 

{k)   Good  workmanship. 

(J)  Utility  chambers,  shafts,  recesses,  raising  or  depressing  of  floors,  placing  of  walls 
and  partitions,  etc.,  to  enable  the  proper  installation  to  be  made  of  all  needed  piping  and 
appurtenances. 

(m)  Economy  of  installation  consistent  with  simplicity,  durability,  service,  comfort  and 
sanitation. 

Nearly  all  state  and  local  regulations  include  some  specific  requirements  for  the  following 
classes  of  buildings,  each  of  which  should  receive  careful  consideration  by  the  designer  of  plumb- 
ing, water  supply  and  drainage  installations: 
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Places  of  employment— factories,  ofEca  and  mercantile  buildings,  and  other  employment 


Public  buildings,  school  buildings,  libraries,  museums,  placea  of  detention. 

Apartment  and  tenement  houses. 

Theaters  and  assembly  halls. 

Hotels  and  rooming  houses. 

Restaurants,  barber-shops. 

Slaughter-houses,  rendering  plants. 

Creameries,  condenseries,  cheese  factories. 

Chemical  and  similar  plants. 

Federal  buildings. 

Private  residences  and  two-family  flats. 

Piping  requirements  are  in  most  cases  identical  except  as  to  siies  and  kind  of  materials, 
where  the  character  of  the  waste  is  such  aa  to  be  destructive  or  where  its  proper  disposition  re- 
quires special  treatment.  The  number  and  type  bt  plumbing  fixtures  and  other  appurtenances 
likewise  vary  in  certain  t5T>es  of  buildings. 

Whatever  deficiencies  may  exist  in  o  system,  may  properly  be  ascribed  alike  to  the  manu- 
facturer, plumber,  engineer,  architect,  designer,  owner,  installer,  and  inspector  of  plumbing. 
The  remedy  lies  in  education  and  the  cooperation  of  all  concerned. 
Savna  and  DifLni 
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Section  4.     (a)  SubtoU  Draint. — Where  subBoil  draina  are  uaed,  they  should  be  nuule  of  open-jointed  drain  tile, 
properly  trapped  before  entering  the  house  drain. 
(For  method  of  installation  see  Sect.  40.) 

Table  1. — Soil,  Waste  and  Vent  Pipes 

Table   Showing  Kind  and  Number  of  Fixtures;  Sises  of  Traps;  and  Diameter  of  Soil,  Waste,  and  Vent  Pipes 


Kind  of  fixtures 

Soil  and  waste 

Ventt 

Sises  of  traps 
required 
(inches) 

Maximum 

Number 

fixtures 

allowed 

Sixes  of 

soil  and 

waste 

(inches) 

Number 

fixtures 

allowed 

Sises  of 

back  vent 

(inches) 

developed 

length  of 

vent  pipe  per- 

mittedt 

(feet) 

Closets 

• 

6 

7-15 
16-36 
37-64 
05-100 

.3 
4 
5 
6 

8 
10 

6 

7-10 
11-20 
21-40 
41-75 
76-100 

2 

2H 
3 

4 
6 

2>i 
to 

4 

GO 
80 
100 
120 
150 
250 

Slop  sink  with  trap  combined 

2- 

6- 

7-1& 
16-36 
37-64 

2 
3 
4 
5 
6 

1 

6 

7-10 
11-20 
21- 

IH 
2 

2H 
3 

ZH 

2 
to 

4 

40 

60 

80 

100 

120 

Sinks,  bath   tubs,  laundry  trays,   ordi- 
nary slop  sinks,  small  single  urinals, 
and  shower  baths 

1 

1-4 

5-6 

7-10 

11-15 

16-30 

2 

3 

3>i 

4 

4 

5-8 
9-12 
13-20 
21-30 
31 

2 

2H 
3 

SH 

4 

IH 

or 

2 

40 

60 

80 

100 

120 

150 

Wash  basins,  cuspidors,  bubblers,  refri- 
gerators   ^ 

1 

1-4 

4-10 

10-25 

25 

IH 

2 
3 

4 

2 

2-6 

6-lr5 

15-40 

40 

IK 

IH 

2 

3 

4 

1 

or 
larger 

25 

40 

60 

100 

150 

Floor  draina 

1 

1-4 
4-8 
8-30 

2 
3 
4 
6 

6 

6-10 
10- 

2 
3 

4 

2 

to 
6 

60 
100 
150 

• 

Fountain  connection 

m 

to 
3 

IH 

to 

2 

IH 

or 

larger 

40 
to 

1              60 

1 

Long  trough  pedestal,  combined  trap, 
and  porcelain  stall  urinals 

1 

1-4 

4-10 

10-25 

2.-J- 

2 
3 
4 
5 

0 

1 

2 

1-4 
4-12 

12-30 

30- 

IM 

2 

2H 

3 

^            \ 

2 
1           to 

!     * 

1 

40 

GO 

SO 

100 

150 

*  See  Section  20  and  Fig.  28. 

t  The  vent  sizes  are  intended  for  individual  reventing  of  each  fixture  trap. 

t  After  maximum  developed  length  of  vent  pipe  is  reached,  increase  diameter  of  pipe  at  each  multiple  %»t  the 
maximum  length  permitted. 

Note. — Consult  also  Sections  5  to  10  inclusive. 

Note. — In  determining  the  size  of  the  soil  and  waste  pipe  given  in  Table  1,  allow,  in  addition  to  each  closet 
permitted,  one  bath,  one  basin,  and  one  sink  or  other  similar  fixture.  In  determining  the  sise  of  vent  pipe,  allow, 
in  addition  to  each  closet  permitted,  one  bath,  one  basin,  and  one  sink  or  other  similar  fixture.  (For  method  of 
installation,  see  various  illustrations.) 
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Fia.  21. — Methods  0f  venting,  roof-flashing,  and  locating 
of  soil,  waste,  and  vent  fittings. 


FxQ.  22. — Method  of  connecting  vent  and  joining 
of  soil  and  waste  pipe  stacks. 
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Section  5.  (a)  MateriaU. — All  main  and  branch  soil,  waste,  vent  and  baok  pipes  should  be  made  of  cast  iron 
coated  with  tar  or  asphaltum,  galvanised  wrousht  iron  or  steel  pipe,  or  lead,  brass  or  copper. 

(6)  Minimum  Size  of  Vent  Stack. — Where  not  more  than  two  water-closets  are  installed  below  the  first  fioor  and 
serve  as  the  only  closets  in  the  building,  the  vent  pii>e  should  not  be  less  than  2  in.     In  determining  the  siae  of  the 


^  h? 


Fxa.  26. 


Fia.  27. — Showing  methods  of  back-venting  traps. 


fyoperfy  txhnckd 


^•■.•1. 
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-" 
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vent  pipe,  allow  in  addition  to  the  closet,  one  bath,  one  basin,  one  sink  or  other  similar  fixture.  The  siso  of  the  vent 
and  waste  pipes  for  basins,  sinks,  baths  or  other  similar  fixtures  when  they  serve  as  the  only  fixtures  in  a  building, 
should  be  governed  by  the  provisions  of  Table  1. 

(e)  Four^nch  Stack  May  be  Deereaeed. — A  closet  may  be  installed  on  a  4-in.  soil  pipe  rising  from  the  house  drain 
to  first  or  second  floor,  and  may  be  vented  with  a  2-in.  vent  pipe,  provided  the  premises  where  such  closet  is  to  be 
installed  has  a  4-in.  soil  pipe  stack  of  undiminished  siae  extending  through  the  roof  (see  Fig.  21). 

In  garages,  barns,  etc.,  a  closet  may  be  installed  on  the  first  floor  or  ground  floor  and  may  be  vented  with  a  2-in. 
pipe. 

Section  •.  (a)  Roof  Bxtensitme. — All  soil  and  waste 
pipes  receiving  the  discharge  of  any  fixture  should  be 
extended  the  full  calibre  above  the  roof,  except  as  pro- 
\'ided  for  in  Fig.  21. 

In  no  case  in  cold  climates  should  a  vent  pip>e 
through  the  roof  be  less  than  4  in.  in  diameter.  The 
roof  terminals  of  such  vent  pipes  should  conform  with 
the  provisions  of  Figs.  22  and  23.  Change  in  diameter 
should  be  made  by  means  of  a  long  increaser,  at  least  0  in. 
below  roof  (Fig.  21). 

(6)  Protection  from  Froet. — ^All  drain,  soil,  waste,  or 
vent  and  supply  pipes  should  be  as  direct  as  possible, 
properly  protected  from  frost,  and  when  possible  arranged 
BO  as  to  be  readily  accessible  for  inspection  and  repairs. 

Section  7.  Branch  Soil  and  Waste  Exteneume. — 
Any  vertical  or  any  horisontal  branch  running  verti- 
cally, horisontally,  or  both,  more  than  30  ft.  from  the  soil 
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line  should  be  continued  full  sise  to  a  point  above  the  roof  in  the  same  manner  as  required  for  main  soil  pipes,  or 
may  be  returned  to  main  vent  pipe  full  size  (Fig.  24). 

Section  S.  (a)  Trape^  Distance  from  Vents. — The  back  vent  of  any  fixture  trap  should  be  as  dose  to  trap  as 
practicable,  consistent  with  its  location  and  effectiveness  (see  various  figures). 

(6)  One  or  Two  Water-closets  or  Similar  Fiztxtres. — Two  water-closets  on  the  same  floor  discharging  into  a  Y 
or  sanitary  Tee  cross,  or  one  closet  dischargine  into  a  Y  branch  or  sanitary  Tee  need  not  be  back  vented,  providing 
that  the  developed  distance  of  the  horisontal  soil  branch  extended  with  a  grade  of  not  less  than  yi  in.  per  ft.  does 
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xe«d  U»  inlidB  dwrneUr  of  thn  inil  branch  sml  the  vertifKl  lee  betvesn  the  1 
trap  water  level  d(»  not  eioeeda  ft.  (Fi«.  25  uul  Beot.  10  aod  ISe). 

(e)  Pixturtt  olhtt  than  TFii«r-clo«ta.— Two  flituree  other  than  watei^loaeM  diaohar^nj  int 
aanitarr  I've  eroa  or  an  individual  fixture  other  than  waternJoaet  dlichsrEiai  into  a  Y  branch  or  i 
not !»  bwk  vented,  providing  the  toUl  fall  of  the  ws*U  pipe  between  the  water  level  of  the  trap  i 
extended  flt  a  grade  of  not  ^rm  than  K  ii-  P«r  '<"*  d™"  "^  exceed  the  imide  diameter  of  the  b 
(Fie-  26  and  SevL  10  and  IVc). 
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'(miKdtDiu. — All  branch  vent  and  hack  vent  pipes  ihould  be  free  from  drops-or  sag> 
nnected  ae  to  drip  back  to  tbe  soil  or  ws«te  jnpe  by  gravity.     Whenever  it  become 

ap  a  horizontal  vent  pipe,  an  approved  method  of  bleeding  should  be  employed  (Fig.  SO). 

u  Parlid  bu  H'dU.— Where  bath  rooms,  water-closets  or  other  fixtures  are  located  on  opposite  side 

rtition  in  the  same  building,  or  are  directly  adjacent  to  each  other  in  two  inseparable  buildlncs,  sud 

ave  a  common  soil  or  waste  pipe  and  vent  pipe  stack. 
I.  ConfiiuTui  or  Ciraiil  Vtnl  ItulaUatiim, — Batteries  of  closets,  nrinali.  sinks,  basins,  eto..  may  b 
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I  should  be  of  the  following  si 
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iDitallation  mn  thowo  in  Fioi.  31.  33.  3 


IS 


K^af'feB 


Fia.  33.— IndiTidukl  o 


ID-  Fio.  34. — Method  pt  rircuit  and  unit         Fia.  35.— Method  o[  dieuit 

^monatnted  thbt  in  order  to  cunrd  cflectivBly  kflbinat  trmp  liphona^  and  back  pna- 
igh  baildiD0  or  In  other  fltructurefl  where  targe  ToJumee  of  wtietce  are  suddenly  di>- 
cbaried,  it  ia  leHntial  that  vaatB  and  vanti  of  adequate  «iua  be  provided  and 
that  the  croM-eeetional  area  of  the  main  vent  linee  be  equal  to  that  of  the  aoi] 
or  waste  linn. 

1  10.  (a)  Unit  Vent. — Two  watei>«lo«tI  located  on  tbe  aame  Boot 
:  into  a  double  Y  or  aanllary  T  eron  in  a  loil  or  waite  itaek,  need 
l[  vented,  provided  that  the  developed  distance  of  the  horisontal  Kil 
h  extended  witb  a  grade  of  }i  ia.  per  ft.  does  not  eiseed  the  inside 
il  the  soil  pipe  and  the  verlieal  les  between  the  horiioDtal  soil  pipe 
I  the  trap  water  level  do«  not  exceed  2  ft. 

'  cToes,  with  no  other  fiitum  dieehsrgiD(  above  them,  may  be  back 

vstci  level  dC  the  trap  and  vent  pipe  doea  not  exceed  the  inside 
[  the  waste  pipe  eitesdwl  at  a  grade  of  H  >ii'  per  ft.  (Flff.  3S  and  3S 

ibwil  traps. 


(b]  Back  YcnU  not  J^e^uired.— Basement  or  selloi  I 
ivator  catch  basins  and  limilsr;  reeeptaclcs  need  n 
snehed  into  an  adequate  and  properly  ventilated  horisontal  : 
or  more  from  the  base  of  a  soil  pipe  stack.     For  further  proi 


be  back  vented  vr 


inatsllstion.  <='  ProUdion  agaiml  Trap  Si/phonaea. — Every  flilun 

tccted  BBainat  back  prenure  and  from  eyphoaage,  and  aii 
ccMary  by  a  vent  or  bsek  vent  pipe. 
aiad  £nd>.— All  dead  ends  in  pipes  should  be  avoided  in  the  iuetallation  of  any  plui 
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"  For  the  purpose  of  obtaining  a  direct  rising  vent  from  a  vertical  waste  line,  a  fixture  trap  immediately  under 
R  small  fixture  waste  shall  be  placed  not  more  than  24  in.  from  the  vertical  waste  and  vent  line,  measured  between 
the  center  of  the  waste  and  vent,  provided  that  the  point  of  entry  into  the  vertical  waste  line  is  not  lower  than  the 
bend  of  the  trap.  For  water-closets,  pedestal  urinals,  and  trap  standard  slop  sinks  the  distance  allowed  between 
the  waste  opening  in  the  floor  or  wall  and  vent  or  back  vent  shall  not  be  more  than  24  in.  developed  length." 

Back  Venting'— Water-clooeU. — "Every  earthenware  fixture  with  trap  combined  shall  be  unprovided  with  a 
back  vent  horn. 

"  Every  water-closet,  pedestal  urinal  and  slop  sink  having  a  floor  connection  shall  be  back-vented  from  the  soil 
or  waste  branch  and  preferably  on  the  top  of  the  branch.  When  connected  with  the  vertical  arm  of  a  bend,  it 
shall  be  made  above  the  top  of  the  horisontal  branch. 

("  This  vent  must  rise  at  an  angle  of  45  deg.  or  less  to  vertical,  to  6  in.  above  the  horizontal  branch.") 
^  drcuit  Loop  and  CorUinuous  Vents. — "  Every  branch  soil  or  waste  pipe  to  which  a  group  of  two  and  not  more 
than  eight  water-closets,  pedestal  urinals  or  trap  standards  slop  sinks  are  connected,  may  be  vented  by  a  cir> 
cuit  or  loop  vent,  provided  such  horisontal  branch  does  not  exceed  25  ft.  in  length  and  the  fixtures  are  within  the 
prescribed  24-in.  limit  from  the  branch  forming  the  circuit  vent.  Connections  from  such  branch  shall  be  taken 
from  Y  or  TY  branches.  The  vent  shall  be  taken  off  in  front  of  the  last  fixture  connection,  and  must  rise  at  an 
angle  of  45  deg.  to  vortical  to  a' point  6  in.  above  the  top  of  the  highest  fixture  before  offsetting  horizontally  or  con- 
necting to  the  branch,  main,  waste  or  soil  vent. 

"Where  fixtures  discbarge  above  such  branch,  each  branch  shall  be  provided  with  a  relief  vent  one-half  the 
diameter  of  the  soil  or  waste  stack  taken  off  in  front  of  the  first  fixture  connection  and  rise  at  an  angle  of  45  deg. 
to  vertical  to  a  point  6  inches  above  the  highest  fixture  before  being  offset  horisontally  or  connecting  to  the  branch, 
main  waste  or  soil  vent. 

"  The  main  soil  or  waste  stack  shall  be  offset  at  every  fourth  story  containing  fixtures,  immediately  below  the 
branch,  soil,  or  waste  connection. 

"The  soil  and  waste  pipes  shall  conform  to  the  following  sizes: 

Site  of  Hotue  Dratns,  Soil  and  Watte  Stacke,  Maine  and  Branches. — "  Twenty  square  feet  of  roof  or  yard  area 
in  horisontal  projection  counts  as  one  fixture. 

"  Three  feet  of  urinal  trough  or  wash  sink  counts  as  one  fixture. 
'*  One  bath,  basin,  sink  or  smaller  fixture  counts  as  one  fixture. 
"  One  pedestal  urinal  or  slop  hopper  sink  counts  as  two  fixtures. 
*'  One  water-closet  counts  as  four  fixtures. 
"  Dimensions  given  refer  to  the  inside  diameter. 


"  Maximum  Number  op  Fixtures  Connected  to 


Size  of  pipe 

Waste,  soil  and  waste  combined 

Soil  pipe  alone 

(inches) 

(fixtures) 

1 

(water-closets) 

m 

1 

• 

1.4 

3 

2 

8 

2H 

10 

3 

20 

2 

3H 

40 

2 

4 

64 

16 

5 

144 

36 

6 

288 

72 

7 

504 

126 

8 

840 

210 

9 

1160 

290 

10 

1600 

400 

11 

2120 

530 

12 

2840 

710 

"  Providing  that  the  number  of  water-closets  on  any  soil  pipe,  with  or  without  other  fixtures,  shall  never  exceed 
the  number  given  in  the  last  column. 

*'  Where  it  is  impractical  to  use  4-in.  soil  pipe  for  water-closets,  3-in.  soil  pipe  may  be  used  for  vertical  stacha,  and 
shall  conform  with  the  number  of  fixtures  in  the  above  table.  If  earthenware  drains  or  sewers  are  used,  the  diameter 
of  the  pipe  shall  be  increased  one  size  over  the  above  table. 

"  The  main  vent  pipe  shall  conform  to,  and  the  branch  vent  pipe  shall  be  one  full  size  larger  than  the  sizes  pre- 
scribed below: 

**Size  of  Vent  Pipe  SUicke. — The  following  table  gives  the  size  of  vent  pipes  and  the  maximum  number  of  fixtures 
that  they  shall  serve: 
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Sise  of  pipe 

Maidmum  developed 

Number  of  trape  in 

Number  of  traps 

Number  of 

(inches) 

length  in  feet 

IH  or  lees 

2  in. 

water>cloeets 

IH 

15 

,1  (IH  in.  trap) 

IH 

25 

3 

1 

2 

40 

12 

6 

3  or  leas 

2H 

60 

24 

12 

6 

3 

00 

48 

24 

12 

3H 

130 

100 

50 

25 

4 

180 

160 

80 

40 

5 

240 

210 

140 

70 

6 

330 

480 

240 

120 

"  For  5-in.  traps  and  over,  the  vent  shall  be  one-half  the  diameter  of  the  trap  except  as  prescribed  for  latrines. 

"  If  the  length  of  a  branch  or  main  vent  pipe  is  to  exceed  the  given  maximum,  the  above  diameter  must  be 
increased  to  the  tabulated  sise  opposite  the  length  required,  irrespective  of  the  number  of  traps  vented,  bat  in  no 
case  shall  the  main  be  less  than  one-half  the  diameter  of  the  adjoining  soil  pipe.'* 


Section  11.  (a)  Oradt  of  HcrtMonUU  Pipea. — All  horisontal  drain,  soil  and  waste  pipes  should  be  run  in  practical 
alignment  and  at  the  uniform  grade  of  H  in-  PC  ft>  or  more;  but  in  no  case  should  the  grade  be  less  than  H  io- 
per  ft.,  whether  under  cellar  floor  or  supported  by  piers,  posts,  wall  ledges  or  iron  hangers. 

(6)  Changes  in  Direction. — For  information  on  changes  in  direction  of  soil,  wsste,  and  drain  pipes,  see  Figs 
37, 38  and  30  and  Table  3. 

(c)  To  Increase  or  Reduce  Site  of  Pipea. — Proper  fittings  of  sanitary  design  should  be  used  to  increase  or  reduce 
sise  of  pipes.     (For  prohibited  fittings,  see  Sect.  16.) 

Section  It.  (a)  Hangere  and  Supports. — All  hangers,  pipe  supports  and  fixture  settings  in  or  against  masonry, 
concrete  or  stone  backing  should  be  securely  made  with  expansion  bolts  or  other  approved  methods  without  the 
use  of  wood  plugs.  All  drainage  and  plumbing  pipes  should  be  rigidly  secured  and  supported  so  that  the  furopcr 
alignment  will  be  retained. 

(b)  Backgrounda, — Backgrounds,  except  under  special  conditions,  must  be  provided  for  the  securing  of  closets, 
tanks,  basins,  sinks,  brackets  and  all  other  wall  fixtures  or  hangings. 

(c)  Stack  Supports. — All  stacks  shall  be  thoroughly  supported  on  concrete,  masonry  piers,  or  foot  rests  at  thdr 
bases;  and  those  10  ft.  or  more  in  height  should  also  be  provided  with  floor  rests  or  other  substantial  supports  at 
10  ft.  or  floor  intervals.  All  pipe  supports  should  be  made  of  heavy  iron  posts,  wall  hangers  or  brackets,  stef  1 
fittings,  or  concrete  or  masonry  piers.     All  brick  piers  should  be  at  least  8  in.  square  and  laid  up  with  cement  mortar. 

Quality  and  Weigbt  of  Materials 

Section  IS.  Vitwified  Pipe. — All  vitrified  pipe  and  fittings  should  be  first  quality  vitrified  clay  pipe,  sound  and 
well  burned  throughout  their  thickness,  with  well-glased  Smooth  exterior  and  interior  surfaces,  free  from  cracks, 
flaws,  blisters,  fire  checks  and  all  other  imperfections  which  would  impair  their  value. 

Section  14.  (a)  Cast-^ron  Pipe. — All  cast-iron  pipe  fittings  should  be  made  of  close-grained  gray  iron,  ductile 
and  readily  cut  with  file  or  chisel,  smooth  on  the  inside,  free  from  flaws,  sand  holes  or  other  defects,  and  of  a  uniform 
thickness.     Such  pipes  and  fittings  should  not  be  lighter  than  the  commercial  grade  known  as  "  Standard.'* 

iVote. — On  account  of  its  greater  durability  and  ease  of  installation,  it  is  recommended  that  "extra  heavy" 
cast-iron  pipe  be  used  in  all  plumbing  systems. 

(6)  Weights  of  Cast-^ron  Pipes. — All  cast-iron  pipe,  including  hubs,  should  weigh  not  lees  than  the  weights  per 
foot  given  in  Table  2. 

Table  2 


Diameter 
(inches) 

Standard  weight  per  foot 

Extra  heavy  weight  per  foot 
(pounds) 

2 

3 
4 
6 
6 
7 
8 

3>i 
4H 
6« 

SH 
10^^ 

•  ■   •   • 

•  •   ■   • 

6H 

13 
17 
20 
27 
33H 

(e)  Coating  for  Cast-^on  Pipe  and  Fittings. — All  pipe  and  fittings  should  be  coated  with  asphaltum  or  coal  tar 
pitch.     Both  pipe  and  coating  should  be  heated  to  a  temperature  of  300  deg.  F.  before  the  castings  are  dipped. 
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TABLstS. — Showing  Minimum  Radius  op  Cast-iron  Soil  Pipe  Fittings  Pbbmittbd  When 

Change  of  Direction  is  Made 


CCase  A)  When  direction  of  flow  changes  from  horisontal  to  vertical: 

Sise  of  pipe  (inches) 

2 

3 

4 

5 

6 

Minimum  radim  (incb(¥*) ,  , 

3 

3M 

•4 

4H 

5 

(Case  B)  When  direction  of  flow  changes  from  vertical  to  horisontal: 

Sises  of  pipe  (inches) 

2 

3 

4 

5 

6 

Minimum  radius  (inches) 

3                    3V<i 

4 

4M 

6 

"- 

(Case  C)  When  direction  of  flow  is  at  right  angles  and  changes  from  horisontal  to  horisontal: 


8ise  of  pipe  (inches) 

2 

3 

• 

4 

5 

6 

Minimum  radius  (inches) 

5 

6H 

6 

6H 

7 

Note. — A  combination  Y  and  >^  bend  or  Y  and  H  bend  is  recommended.  When  a  pipe  of  smaller  diameter 
enters  a  pipe  of  greater  diameter,  a  fitting  with  a  minimum  radius  as  shown  under  Case  \  may  be  used. 

When  sanitary  T's  or  wiped  branches  are  used  in  change  of  direction  they  should  be  so  arranged  that  the  flow 
from  other  fixtures  will  serve  as  a  wash. 

For  method  of  determining  radius,  see  Figs.  38  and  30. 

Section  15.  (a)  Wrought  Iran  Pipe. — All  wrought-iron  pipe  or  steel  pipe,  known  to  the  trade  as  merchant  or 
full  weight  pipe,  used  for  soil,  waste  or  vent  pipes,  should  be  galvanised  and  not  lighter  than  shown  in  the  following 
chart: 

Note. — Galvanised  wrought  iron  is  highly  recommended  owing  to  its  superior  lasting  qualities. 


Table  4 

Diameter 

Weight  per  lineal  foot 

(inches) 

(pounds) 

IH 

2.73 

2 

3.68 

2H 

5.82 

3 

7.62 

3H 

9.20 

4 

.     10.89 

4H 

12.64 

5 

14.86 

6 

19.18 

7 

23.77 

8 

25.00 

(a)  Screw  Thread  FUHnge. — Threaded  fittings  for  vents  and  back  vents  shall  be  malleable,  cast  iron,  or  brass. 

All  screw  thread  fittings  used  for  soil  and  waste  pipes  should  be  of  the  recessed,  drainage  fitting  pattern;  and 
the  same  rules  for  change  of  direction  given  in  Tables  3  and  5  will  apply.  All  iron  screw  thread  fittings  for  soil, 
waste  or  vent  pipes  should  be  galvanised  or  asphaltum  coated. 

Tabus  6. — Showing  the  Minimum  Length  op  Face  to  Center  op  Drainage  Fittings 

(Case  A)  When  direction  of  flow  changes  from  horisontal  to  vertical: 


Sise  of  pipe  (inches) 

m 

IH 

2 

2yi 

3 

4 

5 

6 

Distance  from  face  to  center  (A), 
Fig.  16  (inches) 

m 

2Me 

2H 

2»Me 

3H« 

3»He 

4H 

5Me 
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(Ga«e  B)  When  direction  of  flow  changee  from  vertical  to  horisontal: 

Sixe  of  oioe  (inches) 

IH 

IH 

2 

2H 

3 

4 

5 

6 

Distance  from  face  to  center  (A),  Fig. 
37  (inchee) 

2^i 

2H 

3H6 

3»He 

4>i 

6M« 

6H 

7H 

(Case  C)  When  direction  of  flow  change*  from  horisontal  to  horisontal,  use  same  distance  from  face  to 
center  as  in  Case  B. 

Note. — Long  turn  Y  branches  or  Y  and  fi  bend  are  recommended. 

Section  16.  Prohibited  FiUin{f». — Sanitary  Tees  of  short  radius  should  not  be  used  except  in  connected  hori- 
sontal to  vertical  soil  or  waste  pipes  in  which  the  flow  is  toward  the  vertical  line.  The  use  of  one-fourth  bends  or 
elbows  in  soil  or  waste  pipes  is  governed  by  Tables  3  and  5,  and  Figs.  38  and  39. 

One-fourth  bends  with  side  or  heel  outlets,  except  when  they  are  made  with  Y  or  sanitary  T  branches,  and  all 
double  hub  fittings,  double  Tees  and  double  sanitary  Tees  when  used  horisontally  are  prohibited,  except  when 
smaller  pipes  discharge  into  a  large  pipe.  Double  hubs  and  double  hub  fittings  may  be  used  on  rain  water  leader 
and  vent  lines.  Offsets  having  less  than  one-fifth  pitch  should  not  be  permitted.  The  use  of  a  drive  fermle  is 
prohibited,  and  the  use  of  combination  lead  ferrules  should  be  permitted  only  when  the  calk  joint  can  be  made  in 
the  upright  i>osition.     All  waste  and  vent  pipes  should  enter  soil  pipe  by  means  of  properly  inserted  fittings. 


m 


^f 


FiQ.  37. 


MmimmraKtkaiorchaeforsmiikr 
fudun  connection  tienab 

Fio.  88. 


MirumumnfAjs  for  long  9m>t&nd 
t^HiMnsfcrsuppaiwdmHtMckpm' 

Fio.  89. 


The  drilling  and  tapping  of  soil,  vent  and  waste  pipes  and  house  drains  to  receive  waste  and  vent  pipes  of  any 
description  generally  is  strictly  prohibited,  and  in  no  case  is  the  use  of  saddles  or  bands  piDrmitted,  without  permis- 
sion from  the  plumbing  inspector. 

NoU. — All  such  saddles  must  be  of  efficient  design  and  construction. 

Whenever  horisontal  wrought  or  galvanised  iron  pipe  connects  with  cast-iron  soil,  waste  or  vent  pipes,  tapped 
fittings  or  tap  extension  pieces  should  be  used  wherever  practicable.  No  double  hub  or  inverted  calk  joint  should 
be  permitted  in  soil  and  waste  lines. 

Section  17.  Lead  Pipe  Bend*  and  Trape,  Weiffht  of. — All  pipe  used  for  branch  soil,  waste,  vent  or  flush  pipes, 
including  bends  and  traps,  should  be  the  best  quality  of  drawn  lead  pipe,  of  not  less  weight  per  lineal  foot  than 
shown  in  Table  6. 

Table  6 

Inside  diameter  ^^  ^^         ,^ 

(mches) 

1 2  lb.  0  OS. 

VA 2  1b.  80s. 

IH 3  lb.  8  OS. 

2 4  lb.  0  OS. 

3 6  lb.  0  OS. 

4 8  lb.  0  OS. 


Section  18.  Erase  Pipe,  Fittinge^  Tubino  and  Caeiing. — All  brass  pipe  used  for  soil,  waste  and  vents,  except 
fixtures,  traps  and  overflows,  should  be  of  commercial  iron  pipe  gage. 

All  brass  fittings  for  soil,  waste  or  vent  pipes  should  be  of  a  good  quality  of  cast  brass,  having  a  thickness  cor- 
responding to  brass  pipe  of  the  same  diameter.  The  thickness  of  threaded  ends  must  be  equal  to  the  thickness 
of  the  corresponding  pipe  size  at  the  root  of  the  thread. 

All  brass  tubing  used  for  fixtures,  traps  and  overflows  between  wall  or  floor  and  fixtures  should  be  of  e.  good 
quality  of  brass  and  of  a  thickness  at  least  equal  to  No.  18  Brown  &  Sharp  gage. 

All  brass  fittings  used  for  fixtures,  traps  and  overflows  should  be  of  a  good  quality  of  brass,  free  from  sand 
holes,  flaws  or  other  defects,  and  of  a  uniform  thickness  equal  to  twice  the  thickness  of  the  brsss  tubing.  The 
thickness  of  the  threaded  ends  should  be  equal  to  the  thickness  of  the  fitting  at  the  root  of  the  thread. 

Soldering  nipples  should  be  of  heavy  cast  brass,  or  of  brass  pipe  of  iron  weight,  thickness  and  sise.  When  csst 
they  should  be  of  full  bore  and  of  not  less  than  the  weights  given  in  the  following  table: 
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Table  7 

WriCfal. 

Olb. 

Olb. 
oib. 

lib, 

21b, 

Siu. 

iH  lerrulca  (bould  be  of  m  (ood  quality  of 
ne  from  und  lid«,  fluwi  or  ottatir  deft 
II  per  Tkble  8 


e  rndi!;  with  plumber'i 


Tnpt  and  ClMn-«ati 
■ctloo  U.    (a)  Trap: — Eaoh  fixture,  except  thoH  wutinf  u  docribed  ii 
d  by  ft  mtgr  ml  trap,  pieced  u  cloee  to  tbe  fiitun  u  poaalble, 
fery  trmp  ebould  be  eelf-clFAninfl.     No  form  of  trap  ehould  b«  used  vhieh  depeadj  u| 
irte  (or  iU  euL     Not  ehould  ■  trap  be  ived  which  depeoda  upon  concealed  Interior  partitiou  lor  it*  eeal. 

aald  allow  the  pusaae  of  aewer  air.     OrMM  trap*  iritb  intrcral  caat  partitiona  of  indstnictiblit  materid 
s  lued.     Drum  trape  or  their  equivalsnt  ahould  b«  uaed  vheDcver  practicable  uodcr  ail  batb  tuba  and  ehower 


on,  ihould  be  Hparatcly 
>D  of  moi^ 


>[*  •«  Table  9  and  toi  ■!»  Me  Tsblo  I, )     Ea( 
raah  tuba,  or  aimilar  fixturva  may  waate  into 


r  fiiturea  abould  be  made  of  lead,  h 
I  trap  abould  bave  ■  water  leal  of  n 
L  linile  trap.     The  outlet  waate  pi| 


CFor 


Tabus  9. — Depth  or  Seal  f 


t  CouMoN  Traps 


Siie  of  trap  (Inehea) 

1                        1 
Ui        1        IM        1 

\                    1 

a 

« 

DfpthofBcaKiiidia)! 

2           \           2           \ 

1      an  ■    !      2H 

2H 

ZM 

Dbpth  of  Seal  rt 

B  Deep  Seal  Traps 

Siie  of  trap  (Inebn)  , 

Hi            l!-i 

;     2 

3      :      4            s            B 

Depth  of  eeal  Cinchei) *           \       4           j         4 

'   1   M   '  1   ' 

All  traps  uaed  in  combination  with  fiiturea  which  are  readily  accaaible  and 

(c)  SiUinn  of  Trapt. — All  trap!  ahould  be  rigidly  aupported  and  let  trus  with 
reapcct  to  their  water  level,  and  be  lo  located  u  to  protect  their  aesla.  Alt  that 
portion  of  the  wute  pipe  of  P  trap  ei(cndiii«  to  the  point  of  ventinc  is  to  bo 
conaidered  ai  a  part  of  tbe  trap,  and  the  total  (all  between  water  level  of  the  trap 
and  vent  abould  not  exceed  the  inijde  diameter  of  the  waate  pipe  (eee  Fio,  2«.  27, 28. 

(d)  rroBi— IFUm/VoAi-Mfed— TrapiBhouldnotbepUoedatthefootofKjilor  p^^  ^o  — Methodof 
waal«  pipe  atacka.  except  where  luch  a  drain  or  sewer  ia  uaed  eicliuively  for  conduet-  nrrting  bnlhl  showcra, 
ing  rain  water  ol  auiface  water  tti  a  houae  drain  or  lower,  limilBr  fiilurei. 
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(fl)  TrapM  Of  Rain  WaUr  Leodert. — Oaa  tnp  mny  aOTe  for  oJle  or  mora  rain  water  la&deT*»  proriduiff  do  p«jt 
of  asid  pips  ii  lued  for  a  aoU  or  waate  pipe.  When  rain  water  linden  are  «rri«l  up  to  the  loof  of  a  buildioB  tber 
need  ngC  be  provided  vith  tiapg,  unlcea  aach  oonduotora  termioate  withio  13  It.  ol  Buy  door,  window,  lenlilatinc 
hood  or  air  intake.  Conductor  brancha  taken  off  a  head  of  the  main  bouoe  trap  on  atreet  aide  ihouJd  be  provid«l 
with  trapa  properly  looatfld  to  guard  against  froat. 

IftOUt^  WiuUCiinnt{ltdtoWattr-iiautTrapPrtMliiUd.—liiito  oau  Bhotild  the  waete  from  a  bath  tub  or  other 
Sxtore  be  connected  with  a  water-cloiet  trap. 

(a)  OhtjIow  ConwcfiiM. — Overflow  pipealrom  fiituwa  in  each  caae  muat  be  connected  on  the  inlel  aide  ol  the 

SMtion  W.  (a)  Main  Rmitt  TVop,— The  bouae  drain  may  be  provided  with  a 
plaeod  inunediatsly  inijde  of  louudalion  wall  where  aewer  enten  building.  Thia  tra 
haDdholetowhiehelean-outia  connected. 

Main  houia  trap  may  be  omitted  (1)  in  building  where  the  roof  tcrminala  of  loil  and  ventalacka  arefavorabtr 
i  located,  when  plumbing  ia  free  from  drfccla.  fixture  tiap« 

in    a   durable  and  approved  Hnitory  manner:   (2)  in   new 


frah  air  inlet  on  the  houae  aide  of  the  trap  [Fisa.  20and«l}. 

<A)  Frah  Air  InltU  Wlitrt  Main  /fcun  Trapt  Art  ltd  — 
There  muat  be  a  [r»b  air  inlet  entering  the  houae  aid^  at  Iraat 
3  It.  from  the  water  aeal  of  the  main  trap.  The  inlet  when 
exposed  ahould  be  covered  with  a  aubatantial  fr«haircapor 
rctum  hend.  When  lorAted  under  a  porch,  a  free  eirculatiOD 
of  air  muat  be  provided. 

(e)  i-Moiion  o/. — No  frah  air  inlet  ahould  be  ao  placed 
that  a  oold  air  intake  for  a  furnace  or  heater  may  dl*w  air 
from  the  aame.  nor  ihould  It  be  open  at  a  point  laa  than  4  ft. 
,    fromany  door,  window,  or  olher  air  intake. 

Saetion  11.  Back  Flow  VolKt.— Drain  pipea  from  fii- 
lura  ahoutd  b«  provided  with  adequate  backwater  valva 

backwater  valva  ibDuld  bo  ao  placed  u  not  to  interfere  with 

Fia.  41,— House  tnp  and  frwh  air  inlet.  the  flow  or  diacharge  of  any  conductor  or  rain  water  leader 

or  other  fiiture,  and  be  readily  aoceaaible  for  cleaning,  and 

SectlOD  St.  (a)  Cban-outi. — Where  main  home  trapa  are  installed,  caa 
hand  hole  of  trap  to  a  point  2  in.  above  the  surface  ol  Sniehed  floor  or  gn 
thould  bo  at  least  4  In.  in  diameter  (Figa.  ZO  and  41). 

Alt  additional  clean-ouU  for  main  house  drain  should  be  extended  where  practicable  to  a  point  3  ie.  above  the 
■urlace  ol  the  finished  floor  or  grade. 

All  other  clean-outa  ahould  be  of  adequate  eiie  utd  located  In  such  a  manner  a*  to  serve  the  purpoae  for  whirh 
they  were  intended,  and  all  eiean-outa  should  be  so  constructed  as  to  make  poaiible  the  entering  of  the  drain 

H  in.  thick  and  provided  with  lUndard  pipe  thread  and  square  or  heiagonat  bead  at  least  H  io.  high  .  The  ferrule 
whenmadeof  brauihouUbeatlcut  Hi  in.  in  thii:knai:  and  when  made  ol  iron  the  aame  weiiht  per  foot  a*  extra 
heavy  eaat-iron  soil  pipe.     The  screw  cap  ahould  have  at  least  B ve  threads  of  iron  pipe  aiie. 

Wofc. — Clean-outs  ahould  be  provided  for  all  large  trouihs,  pedfstal  snd  porcelain  sUll  urinals  at  such  pcunts 


Section  U.     (a 

JoinU  i 

Vilri/^  Pip 

.—Joints 

n  vitr 

6ed  pipe  B 

hould  be  made 

with  mortar  compoaed  of 

a!  part*  of  hydra 

and  shsrp  c 

eansi 

nd,  thoroughly  miifd  dry 

with  enou«h  water  added 

ive  tho  proper  c 

The  joints 

must  he  po 

nted 

carefully  on  the  outside,  a 

nd  the  pipe  left  ctcM  and 

oth  on  the  inaid 

by  draw 

mg  through  i 

(b)  Vitrified  and  Iron  Pipe.— Undergrou 

vitrified  * 

nd  iron  pip*  sh 

ouldbe>nadethesaii.eas 

vitrified 

pipe. 

<c)  CaU-iran  Pipt.—Jill  j 

inis  in  caal-ir 

npipeaho 

Id  be 

madebyfii 

■St  inserting  an 

rfl  of  hemp,  oakum  tj- jute 

ng  it  in  place,  and  then 

following  with  p 

ead  well  calked,  not  las  than  1  in.  dr<i>. 

to  be  brought  U 

top  of  h 

b  and  faced. 

No  paint, 

varniab  or  putty 

hould  be  allow 

ed  in  the  joints  until  thay 

(d)  Wrouffhl  Ira 

n  and  Bra. 

>.— Joint!  in 

galvaniaed 

itono 

r  brass  pip 

ahould  be  sta 

dard  screw  joints,  and  all 

d  be  rem 

vod.     Allscr 

■w  joints  sh 

uid  be  made  wit 

white  or  red  lead,  minent  paint,  ted  IcMl 
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(«)  Wroutht  Iran  or  Bran  and  CatI  Iron. — CasaMtiooi  bttVMn  wroufht  iron  or  brua  uul  cxt  iroD  •hoold  ba 
ritbn  a  e«lked  joiat  or  a  Krew  joiat. 

The  following  tablf  ahowfl  the  number  of  thr«ulfl  per  inch  on  ttandard  wrought  iron  or  full  weight  ateeJ  pip*: 

Sii!  of  pipe  Number  of  thrsad* 

(inohea)  to  the  inoh 

H 27 

H  and  H 18 

Mand« 14 

Itoa llM 

!  to  10 B 

(/)  Astute  in  Lead  Pipt. — Jointa  in  lead  pipe  or  between  lead,  braaa  or  copper  pipea  ahould  in  all  caxa  ba  wiped 
jointa  eiclpt  aolder  braced  or  sweated  joinia  onbrasa  reamed  concave  buahinga  in  sonneotion  with  eipoaed  braaa  or 
tewl  trapa  shown  in  Fica.  27  and  43. 

(t)  Wrmthl-iran  Pipe  Ci>i»hc(wiu. — ConneotloDB  batweea  lead  and  ca<t  or  wroufht'iron  pip«  ahould  be  DUidc 


iron  pipe. 

with  a  calked  joint,  a  aalderlng  nipple  or  threaded  ioint.  Wrou(ht-iron  pipe  eon 
ri^t  and  left  eouplinc  flanged  union  with  durable  casket,  a  ffrouad  Faced  union  i 
with  lock  nut  made  Ucht  with  wieking  and  red  or  white  lead,  and  be  asphallu 
unions  uaed  on  the  sewer  aide  of  trapa  should  be  (round  tsccd.  No  slip-joint  coo 
aewCT  aide  of  the  trap  (Fif .  421. 

Section  M.  (a)  Rub]  Jatnti.— The  Joint  at  the  roof  should  be  made  wster- 
oopper  or  lead  plate  (Fl^a.  21, 43, 44  and  4S>. 

(6|  Ron!  Fiatkir^.—Siitti.  lead  lor  roof  flubinc  should  weigh  not  Its*  than  3 
not  ten  than  Bio.  from  the  pipe.     Other  BashinES  of  substantial  material  are  pe  rmi 


.—Hoof  flaahinc  tor 
ouiht-iron  pipe. 

IS  should   be  made  with  a 
tia  heavy  running  thread 

ed  upon  completion-    All 
■faould  be  allowed  on  the 

y  the  u«)  ol  proper 

•heet 

.q.  ft.  and  ahould. 

tend 

ight  by  the  use 


Fio.  46.— Root 

HiM. — Root  flashing  ol  durable  material  deaigned  i 
between  the  pipe  and  Saahing  are  recommended.  Tbt 
intended  to  mean  3  lb.  eheet  lead,  or  copper,  braas  or  gal' 

SsctioaU.  BarthmwiTe  inU  Afrtdt  FJeor  Conruclianf.— Thecoonectio: 
rombined  earthenware,  vitreoua  china  or  enameled  iron  may  be  made  with  i 
He  in.  thick,  soldered,  serewed  or  calked  (o  bead  or  pipe,  aeeorely  anchored 
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JoioU  ihould  be  made  air-ti(ht  with  an  adeqiute  ubeatoa  fnphitc  line  or  ubotot  (aaket  wuber.  Tu  tn- 
jre  tbe  lichtneu  of  thu  ioiat  ft  pMte  al  led  or  while  lead  or  other  equal  cotopouDd  of  the  coiiBiitericy  of  putty, 
lould  be  uied.  Add  (uScieat  putty  or  whiting  1«  the  red  lead  to  make  tfat  proper  mixture  (Fis.  4T).  Vuioia 
atsDted  Jointa  ol  approved  malts  ace  uiually  permiuible. 

Sectian  M.  IFafar  and  AiT^ight  /ointa.— All  joints  and  oonnoctiona  mentioned  under  thie  title  should  be 
[  BubatBDtial  coEatructioo  and  be  made  watcr-ticht  and  air-ti(ht. 

Section  IT.     Cunniclioni  to  Lmd  Clotiit  or  Simliar  Bend. — It  ii  recommeoded  that  no  wule  pipa  emiTeyiiiE 


(yai^spi     fjn 


■eparateiy  to  the  curb  line  whrre  practicable  by  drain  pipe*  not 

le«  than  4  iu  in  diemcter.  and  di.charied  into  the  public  gutter. 

onleu  permitted  to  drain  elsewhere. 

HIseellaneoDS  ProTlitolw 

aeetion  tt.     Three-iach  Soil  Slack.— Wbtit  a  3-in.  soil  pips 

stack  is  in  place,  or  where  it  is  wholly  impracticable  to  use  a  4-in. 

n 

vertical  sMcks  which  should  Donform  in  CDUtruction  with  Fig. 

-«««»         H 

49,  aisoTsblel. 

O  '>•>*       J  J 

^  rJo^^    /jfi 

^a-//    , /*h 

tT^^     I             T7 

ance  with  Fiis.  20  and  50.     The  piping  must,  however,  be  so  de- 

^ -^^ 

signed  thst  every  fiiture  trap  ie  protected  Irom  aiphonage,  and 

Section  SI.    Hoi    Waler   and   Sliam  Wrula.—A]]  eihauit. 

or  any  other  hot  water  discharge  should  not  be  connected  t 

any  house  aewer  or  drain  without  fi 

such  installation  must  be  provided  with  an  adequate  local  ven 

or  relief  pipe,  eitendiog  (o  tbe  outer  a 

Nolt.~^bt  capsFity  of  the  caUh  bsain  or  other  cooling  devie 

and  the  relief  pipe  depends  upon  the  ate 

■urc  earned,  aiie  of  the  boiler,  and  volume  diaeharged. 

SecUoQ  M.    Ttrminalt. — The  roof  terminals  of  all  vent  pipe*  abould  be  eiUnded  at  least  3  tl,  above  any. 
door,  window,  scuttle,  air  ahatt  or  other  opening  used  for  ventilalion  when  located  at  a  distanee  less  than  1£  ft. 
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Iron  luoh  tcrmiiuJ  <Fi9.  32  Bad  231.    Wbsn  it  is  neoouiy  to  citcnd  the  coot  tcrminda  of  loll,  w«M  or  v«it 
pips  more  thao  S  ft.  aboT*  th»  root,  thsr  should  hare  sn  utcqiMtf  tmt-proof  covering. 

Whcnaver  m  aaw  boildiof  ia  erectod  highu  than  ui  uljicent  gxlatini  buildiuf,  the  awoer  o[  tha  new  buildiim 
ghooU  not  loixte  vriodon  vichia  13  It.  of  ui  cioBtitlE 
vsnt  atack  on  tlie  lower  buildini.  unlua  tbe  ovner  of 
tucb  new  buildina  detrayi  the  eipenaea  oi  makca,  faimaelf, 
the  allarktlona  oeeaaary  to  contonn  with  this  requiie- 

Sectlon  U.  JFoii*  Pipti  /or  Add  Tank^.—Tbt 
waate  pipes  and  traps  (or  acid  tanka,  aiaka  aad  other 
meptacleg  rFeeirini  the  diacharie  ot  aeida  ia  chemical 
labontoriea.  electiotrping.  Uthooraphing  uid  other 
•imilar  catablishmenls  muat  be  made  of  eitia  heavy  oaat 
iron,  coated  inaide  and  out  with  tu-  snd  saphaltum.  extra 
heavy  lead  pipe,  or  lead-lined  iron  pipe  of  Bdequate  dura- 
bility. The  waate  pipca  may  be  of  vitrified  clay  when 
plaeed  outside  the  buildini,  or  when  serviDg  within  the 
building  as  a  looal  conveyor  between  acid  (uk,  dilution 

Catch  BaiinB,  Snmpa  and  Sjactora 

Sectioil  It.  (a)  Grimt  CaUh  fiiuini.— All  freate 
catch  baain*  ■hould  be  CDnitrucled  in  a  water-tiKht  and 
eubataDtisl  manner  of  brick,  oement,  ooncrete,  iron  or 
vitrified  clay  pipe.  The  outlet  ahould  be  provided  with 
a  4-iD.  inverted  hend  and  clean-oat,  ahould  ba  aub- 
merced  at  iMat  8  in.,  and  ihouhi  be  placed  in  the  wall 
ot  the  baain  not  teea  than  2  ft.  S  in.  above  the  bottom. 
The  baain  abould  have  on  air-tight  itone,  oement  or 
caat-iron  cover.  Tta.  49.— Method  at  inslalllnc  cloaeta  on  3-in.  pipe. 

(fc)   Whtra  Vud. — Greaae  catch  baalna  ot  adequate 
apacity  are  uluall)'  required  wherever  kitchen  or  other  greaiy  waste*  from  hoteb.  ratauraata,  club  bouaee, 
publio  inatitutlona  or  aimilar  placeB  are  diacharged  into  the  aeirer.    lu  many  localltia  Ereaae  catch  baaina  may 
be  ooiitted  from  the  plumbing  ayetem  of  a  private  residence. 


Fio.  SO.— Rural  home  comforta. 

r-cooled  type  properly  dtaigned.  conatrueled  and  Inatalted  and  oI  adcquata 
It  are  permitted  and  are  recommended. 

oaeible.  grease  catch  baalns  abould  be  inatalled  just  outside  the  ¥iall  □!  the 
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thsy  (hould  ba  mftdf  of  cut  iron  or  relnforDsd  concrete,  witb  oir-tiiht  iioQ  cow.  Conontc  csteh  buina  ■hoDid 
luve  B  metal  rin«  embedded  in  the  ooncrete  to  which  oovet  mu  he  bolted  (Fig.  51). 

SacUoB  »■  ford  CutcA  Btuiru. — A  yud  c&tufa  baain  ihould  be  constructed  io  the  game  (eaenl  manDFt  tt 
provided  (or  iieage  catch  basini,  eicepl  Ihit  they  ahould  be  at  least  20  in.  in  dtameter,  and  in  cold  olimtiUs  the 
outlet  ahould,  where  poaaible,  be  at  least  *  Ft.  below  the  aurface  of  the  ■round.  The  baein  ihould  bave  a  cover  of 
atone  or  heavy  cut  iron  with  itralner  Suah  with  the  sunoundinf  ground. 

A  yard  catch  baaia  maybe  installed  to  receive  lurfaee  dnunaoe  or  diieharie  from  pump,  yard,  hydrant  or  othet 

Section  M.  SlabU  Catch  Bofim. — Whan  liquid  waitea  from  bama,  Btablog,  manure  pita  and  stable  yards  are 
permitted  to  enter  the  public  aewer  ■yateni.  they  ahould  be  intercepted 
by  a  properly  trapped  catch  basin  of  auitable  deaign. 

may  be  conaeoted  with  auch  stable  or  barn  oatch  basina  to  act  aa  local 

SactioD  IT.  Qaroffs  CaUh  Ba*int.—GmTa^t  drains  ahould  ba  inter- 
cepted before  entering  the  sewer  by  a  auitable  catch  baaio  proper^- 
it  trapped,  A  4-ln.  conductor  pipe  when  iwrmitted  to  conDeet  with  houK 
drainata  or  aewenwe  system  may  be  connected  to  this  catcb  baain  to 
act  M  a  local  vent.  In  the  absence  of  the  latter,  a  4-in.  freab  air  inlet 
from  the  outer  air  or  a  local  vent  throush  the  roof  is  recomTDended. 
Some  typee  of  commercial  "aarace  intercepting  baains  "  are  so  designed 
that  they  may  be  recommended.  Biie  of  baain,  aathod  of  ioalaltatiDn 
and  proper  connection  are  important  factors. 

It  is  recommended  that  garage  drains  diacharge  Into  yard  catch 

t^_  HI       >•  .1..J  ,j ji_.  ^-1.    baaina  conatruoted  in  the  manner  provided  in  Beit.  35. 

Bio.  fil. — Method  of  eonnectina  einit  ».  .        ,^  ,       .  ■..  ±  .  i   .      .  .     .■ 

waste  to  grease  catcb  baun.  Natt. — Grease,   yard,   stable  and  garaie  atch  baaina  and  othn 

aimilar  reoeptaclea  must  bs  kept  clean  Knd  sanitary.     The  aedimenl 

SecUoB  M.  (a)  Bjtilnrt — Whm  Rttaind.— Id  aU  buildinoa  in  which  the  whole  or  a  part  of  the  drainage  and 
plumbing  system  lies  below  the  flow  Ibe  of  the  main  sewer,  the  sewage  or  house  wsstea  should  be  lifted  by  artiScial 
means  and  discharged  into  the  main  sewer. 

(b)  SumjM  and  Rtceiring  Tanlu.—AW  house  drains  diacbaning  b«low  the  floor  line  ol  the  main  aewa  should 
be  oonneeted  to  a  aump  of  adequate  aapaeity  with  air-tight  cover.  It  ahould  be  ao  located  aa  to  receive  all  surb 
drainage  by  gravity  and  bo  vented  with  an  adequate  vent  pipe. 

Floor  Drain*  and  FiituH  WaMaa 
SectloB  St.    Battmmt  Flosr  DraiTU. — Cellar  or  baaemeni  floor  drains  should  not  be  permitted  unleae  ihtt 

ttcluded  (see  Section  105). 

When  eubject  to  back  flow,  such  draina  ahould  bs  equipped  alio  witb  an  adequate  backwater  valve  (aee  Srri. 
21  and  10). 

;^ote.— When  possible  ice-boi  draina,  bubblers  and  similar  wastea  should  be  connected  with  the  Boor  drain  bo 
aa  to  mainuin  a  permanent  water  Beat  (Fig.  62). 

SseUon  W.     Sahia41  Rtcmrtr. — The  diacliarge  ol  drain  tile  from  footings  of  buildings  should  be  coUcrt 
in  a  aubsDil  receiver  or  trap,  of  adeq 

hould  be 

Knu.- 


the  tile  is  not  so  inatalled  that  it  will  undermini 
inga  of  foundatioa  walla.     When  aubsoil  draina  are  con- 
nected to  (be  seweraEe  aystem  aubject  to  back  flow,  such 
draina  must  be  equipped  with  an  adequate  backwater  valve. 

Section  iL       Watlti    fnm    Laandmt    ond    Similar  Fio,  82.— Typical  Boo 

BtlablviKmtnit. — Waste    pipea    in    dye   bouses,  breweries, 

house  or  yard  catch  basin  by  means  of  cast  iron  or  vitrified  pipe. 

Floor  drains  located  above  basement  floor  should  be  considered  as  a  plumbing  fixture  and  should  be  of  adr- 
qualc  aiio  (Figs.  54  and  56). 

ATolc.— The  waalB  coming  from  laundriea  and  aimilar  industrlu  located  above  the  basement  floor  ma;-,  is  > 

on  the  same  soil  or  waste  line.     An  independent  line  or  lines,  as  the  case  may  require,  should  therefore  be  provided- 
Section  U.     Soda  Fmnlain  IPulu.— Bar.  aoda  fountain  and  similar  wastes  may  be  initailed  in  aeoordance 

witb  one  ol  the  methods  shown  in  Fig.  56. 

The  uap,  waste  and  vent  pipes  may  be  located  at  either  side  of  the  iMt  or  at  any  convenient  point  at  the  aidt 
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-It  ia  Kcommgoded  that  the  vHhing 
md  Storage  Draim 


ith  sUndiiia  woaw  and  i 


inuined  while  the  bar 
. — The  Soot  drain*  in  ice  houK  and 
■lau^ter-houM«,  BtwAsfi  rooEO*  for  proviiiofls,  or  any  room  where  ice  is  ator«d  oi 
9i>e,  properly  trapped,  and  wben  imeaaary  diacharaa  into  a  catch  baein. 

Section  M.     Re/rigtraior  WatUi.—Tbt  wute  pipe  fiam  a  rcfriierator,  ice  bai  or  trap,  or  ai 
ohicb  proviiiaiB  are  ilored  ahould  an  connect  directly  with  any  drain,  aoil  or  wutc  pipei.     8i 
•hould  be  »  amnied  that  they  may 
e  fluahed  properly  (Fi*.  a7).  Hakr  si^ptti 
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low  pipe, 
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n  permitted  U 
to  the  aanitary  or  houw  drainage 
ayateDi,  the  varioiu  draiM  from^maLI 
yardai  areaa  aod  courti  may  be  con- 
nKted  together  and  theii  contenta 
diacharEtd  into  a  yard  catch  baain. 
an  adequate  basement  floor  drain  or  a 
deep  aeal  trap,  lo  located  that  it  ia 
readily  acceaible  for  cletninc  and  ia 
protected   fro 


if  the  draii 
provided  •• 


a  Unk  of  adequate 


SMtion  4T.     BuUlar  Wattt- 


'A. — Method  of  conneetinf  gubaoil  or  tile  dtaina  with  aanitary  aewei 

ity.     Such  tanlia  ihouldhavean  adequate  deep  aeal  trap  or  inTerte 
(alaoaeeBect.  lOaodZI). 

trapped  [unoel  or  floor  drain.  Such  waste  pip«,  however,  ahoul' 
be  trapped  to  preclude  their  uae  aa  a  local  vent  (or  cellar,  etc. 

When  bubbleia  are  connected  directly  to  aoil,  waate  or  drai 
pipea.  they  ahouM  be  trapped  and  vented  iiroperly  (Fig.  M). 

Sectton  IS.  Dtntaj  Cuptdora. — Dental  cuapidora  when  coi 
nected  to  a  waete  pipe  muat  be  effectively  trapped,  and  may  b 
adequately  vented  aa  ahown  in  Fig.  59. 

The  length  of  the  horiaontal  waale  pipe  between  the  veo 
pipe  and  trap  muat  not  eieeed  15  ft.  The  total  fall  of  the  hori 
aontal  waate  pipe  between  trap  and  vent  should  oot  eiceed  th 
inaide  diameter  of  aaid  waste  pipe. 

Section  «.     Cittern  Ovtrfaa. — Overflow  pipe  from  ciatcrn 
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NoU. — For  pubUo  buildings,  tho  bowl  should  be  of  the  heavy  pattern,  large  throatway,  of  sipbonio  action 
type. 

(b)  FroH-pro€if  CloaeUt  When  Permitted. — Froei-proof  cloeets  should  be  installed  only  in  compartments  which 
have  no  direct  connection  with  any  building  used  for  human  habitation.  The  soil  pipe  between  the  hopper  and 
the  trap  must  be  of  cast  iron,  4  in.  in  diameter,  and  free  from  offsets.  This  type  of  closet  should  be  used  only  in 
buildings  subject  to  extreme  froBt  conditions.  When  froet^proof  cloeets  are  installed,  the  bowl  must  be  of  vitreous 
chinaware  or  iron  enameled  inside  and  outside,  of  the  flush  rim  pattern,  provided  with  an  adequate  tank,  and 
automatically  drained  to  guard  the  fixtures  and  piping  against  frost. 

Note. — The  installation  and  use  of  the  above  tjrpe  of  fixture  should  be  discouraged  as  much  as  possible.  Under 
the  most  favorable  conditions  little  can  be  said  for  this  closet  from  a  practical  and  sanitary  standpoint. 

Section  n.  Urinala. — Urinals  should  be  made  of  material  impervious  to  moisture,  and  of  such  design,  mate- 
rials and  construction  that  they  may  be  properly  flushed  and  kept  in  a  sanitary  condition.  If  cast  iron  is  used  In 
the  construction  of  urinals,  it  must  be  enameled  on  the  inside  of  the  trough  or  bowl  and  coated  with  a  dxirable 
paint  or  enameled  on  the  outside.  Trough  and  lip  urinals  should  have  a  floor  drain  placed  below  the  urinal  and 
the  floor  should  be  graded  toward  the  drain. 

Note. — Individual  urinals  rising  from  the  floor,  with  the  floor  pitched  toward  the  urinal,  made  of  porcelain  or 
vitreous  chinaware,  and  equipped  with  an  effective  automatic,  or  equivalent,  flushing  device  and  adequate  local 
vent,  are  recommended. 

Section  68.  Both  tube.  Sinks  and  Laundry  Tubs. — Bath  tubs  should  be  made  of  earthern  ware,  vitreous  china- 
ware,  enameled  iron  ware  or  other  impervious  material.  Sinks  and  laundry  tubs  may  be  made  of  other  materials 
where  conditions  make  it  necessary.     They  should  be  equipped  with  adequate  traps  and  sanitary  waste  stoppers. 

(a)  Flush  Tanks. — All  flush  tanks  or  flushometer  valves  should  have  a  flushing  capacity  of  not  less  than  3  gal. 
for  water-closets  and  not  less  than  one  gallon  for  urinals,  and  be  so  installed  that  they  are  protected  against  frost, 
tampering,  etc. 

(h)  Drinking  Water. — Systems  and  installations  supplying  drinking  water  shall  be  of  durable  material  and  so 
constructed  and  installed  that  pollution  or  contamination  is  not  reasonably  possible. 

(c)  WeUer  Supply  to  Fixtures. — All  water-closets,  urinals  or  other  plumbing  fixtures  should  be  provided  with  a 
sufficient  supply  of  water  for  flushing  them  in  a  sanitary  manner. 

(d)  Capacity  for  Flushing. — ^All  systems,  installations  and  pipes  supplying  water  for  the  flushing  of  closets, 
urinals  or  similar  fixtures  shall  be  of  suflicient  capacity  and  sise  to  provide  adequate  volume  and  pressure. 

(e)  Contamination  from  Fixture  Connection. — The  water  supply  to  any  fixture  shall  be  so  placed  as  reasonably 
to  preclude  the  possibility  of  the  contents  of  such  fixtures  being  syphoned  or  drained  into  the  water  supply  pipes. 

Section  64k  Location  of  Fixtures. — Toilet  rooms  and  bathrooms  should  have  at  least  one  outside  window  or  be 
provided  with  local  vent  pipes  or  air  shafts  so  as  to  insure  at  least  four  changes  of  air  per  hour.  Local  vents  or  air 
shafts  for  toilet  rooms  shall  not  be  connected  with  the  plumbing  system  and  must  be  so  installed  as  to  provide 
adequate  ventilation. 

Open  Plumbing. — All  plumbing  fixtures  should  be  installed  or  set  free  and  open  from  all  enclosing  work.  Where 
practicable  all  pipes  from  fixtures,  except  fixtures  with  integral  traps  rising  from  the  floor,  should  be  run  to  the  wall. 

Note. — It  is  essential  that  all  plumbing  fixtures  for  public  building  service  be  of  high  grade,  and  of  such  design 
and  construction  and  so  installed  as  to  be  practically  fool-proof. 

Piping. — Wherever  practicable,  the  piping,  tanks,  flushing  devices,  traps,  etc.,  should  be  installed  exposed  in  a 
utility  chamber  and  so  arranged  that  they  are  accessible  for  the  removal  of  stoppages  (see  chapter  on  "Public 
Comfort  Stations"  in  Part  I,  Sect.  4). 

Protection  against  Frost. — All  water-closets  and  urinals  and  the  pipes  connecting  therewith  should  be  protected 
properly  against  frost,  either  by  a  suitable  insulating  covering  or  by  an  efficient  heating  apparatus,  or  in  some  other 
approved  method,  so  that  the  facilities  will  be  in  proper  condition  for  use  at  all  times. 

Note. — Toilets  should  be  adequately  heated  in  cold  weather.  Heating  equipment  should  be  arranged  to  per- 
mit cleaning  of  floors  and  walls. 

Where  Water  and  Sewerage  Systems  are  Available. — Each  water-closet  and  urinal  and  each  lavatory  or  sink 
located  in  a  public  or  private  building  should  be  connected  properly  with  sewerage  and  water  systems  where  possible. 

Where  Water  and  Sewerage  Systems  are  Not  Available. — In  localities  lacking  public  systems  of  water  and  sewez^ 
age,  the  disposal  of  human  wastes  may  be  accomplished  as  follows: 

1.  By  an  efficient  water  system  of  the  *'  compressed  air  storage"  or  "air  pressure  delivery"  type  and  a  proper 
sewage  treatment  tank  and  disposal  units,  as  existing  conditions  may  require. 

2.  By  outdoor  privies  or  other  toilet  conveniences  permitted  by  federal,  state  or  local  authorities,  when  local 
conditions  make  it  impractical  to  install  a  water  supply  and  sewage  disposal  system. 

» 

Repairs  and  Reconstruction 

Sectien  U.  (a)  Old  Materials  Re-^used. — All  fixtures,  soil,  waste  and  vent  pipes  removed  from  an  old  building, 
if  found  to  be  in  good  condition,  may  under  the  requirements  of  most  ordinances  be  used  in  the  same  building  or  in 
another  building.  In  some  instances  written  consent  is  required  of  the  owner  of  the  building  in  which  such  fixtures 
are  to  be  installed. 

(b)  Old  House  Drains. — Old  house  drains  may  be  used  in  connection  with  new  buildings  or  new  plumbing  only 
when  they  are  found  on  examination  or  test  to  conform  to  the  requirements  governing  for  new  sewers  and  drains. 
If  the  old  work  is  found  defective,  the  local  or  state  inspector  usually  notifies  the  owner  of  the  changes  necessary  to 
make  it  conform  to  the  requirements  of  the  ordinance. 
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(c)  FiMuret  B«p2oe6d.— When  an  old  or  defective  fixture  is  removed,  to  be  replaced  by  a  new  one,  and  no  other 
fixture  or  piping  is  to  be  added  or  rem^^eled,  it  may  not  be  necessary  to  reconstruct  the  soil,  waste  or  vent  piping 
to  make  it  conform  to  rules  governing,  unless  the  same  is  in  a  defective  condition.  In  such  cases,  if  found  necessary, 
the  fixtures  should  be  provided  with  efficient  deep  seal  traps  or  deep  seal  resealing  traps  of  the  self-scouring  centrif- 
ugal type. 

id)  Recongtruelion. — When  old  or  defective  plumbing  is  to  be  remodeled,  additional  fixtures  installed  or  the 
whole  plumbing  system  moved  to  another  part  of  the  building,  then  the  remodeled  system  should  be  made  to  con- 
form reasonably  to  the  regulations  in  force. 

(«)  Repairs. — AH  repairs  to  fixtures  or  piping  should  be  made  in  a  substantial,  sanitary  and  workmanlike 
manner. 

(/)  Intaniksry  InstaUatioru. — No  fixtures  or  installations  should  be  maintained  which  are  insanitary  or  of 
improper  design. 

Inspections  and  Tests 

Section  59.  (a)  Local  InspeetionB. — All  piping  of  a  drainage  or  plumbing  system  in  cities  having  local  plumbinS 
inspectors  (except  in  case  of  repairs  as  specified  in  subsection  m)  should  be  tested  by  the  plumber  in  charge  in  the 
manner  herein  provided,  in  the  presence  of  the  local  inspector  of  plumbing  or  his  authorised  deputies.  Where  no 
state  or  local  inspector  is  provided,  the  engineer,  architect,  owner,  or  a  competent  representative  should  arrange  to 
witness  all  tests  prescribed. 

(b)  AfateriaU  and  Labor. — The  material  and  labor  for  tests  should  be  furnished  by  the  plumber  in  charge. 

(c)  House  Drain  Testa. — The  entire  house  drain  with  all  its  branches,  receptacles  and  connections,  should  be 
brought  so  far  as  practicable  to  the  surface  or  grade  of  the  basement  floor  and  tested  with  water  or  air.  Upon  being 
found  free  from  defects  and  leaking  joints,  the  test  may  be  considered  satisfactory. 

id)  Stable  and  Garage  Tests. — If  a  stable,  garage  or  any  part  thereof  is  used  for  human  habitation,  or  is  so  con- 
structed that  it  may  be  used  as  such,  the  same  tests  should  be  made  as  for  an  ordinary  dwelling. 

(e)  Rain  Leader  Tests. — Rain  water  leaders  and  their  roof  connections  where  they  are  permitted  within  the 
walls  of  any  building,  and  such  branches  as  connect  with  the  house  drain  3  ft.  beyond  the  basement  wall,  should  be 
tested  with  water  or  air. 

(/)  Covering  of  Work, — No  part  of  any  plumbing  or  drainage  system  should  be  covered  until  it  has  been  in- 
spected, tested,  and  approved.  If  any  part  is  covered  before  being  tested  and  approved,  it  should  be  uncovered  st 
the  direction  of  the  inspector. 

ig)  FincU  Inspection. — When  the  plumbing  or  drainage  system  is  completed  and  fixtures  are  installed,  the  final 
inspection  should  be  made;  and  no  such  plumbing  or  drainage  system  should  be  used  until  it  has  been  inspected 
and  approved,  unless  special  permission  is  given  by  the  proper  authorities  for  Its  temporary  use. 

ih)  Inspection  for  Changes  or  Alterations. — When  additional  fixtures  are  installed  or  the  style  or  location  of  any 
fixture  is  changed  or  when  changes  are  made  in  the  piping  system,  the  work  should  be  inspected. 

(i)  Soils t  Waste  and  Vent  Tests. — Soil,  waste  and  vent  pipes,  rain  water  leaders  and  all  work  known  as  "roughing 
in  "  and  "  underfloor  work  "  between  the  house  drain  connections  to  points  above  the  finished  floors  and  beyond  the 
finished  face  of  walls  and  partitions  should  be  tested. 

0')  Water  and  Air  Test. — The  water  test  should  be  applied  by  closing  all  openings  in  the  pipes  with  proper  test- 
ing plugs  to  the  highest  opening  above  the  roof,  and  completely  filling  the  system  with  water,  or  an  air  test  with 
pressure  of  at  least  5  lb.  should  be  used.  If  the  pipes  are  found  free  from  defect  and  leaking  joints,  the  test  may 
be  considered  complete  and  satisfactory.  Buildings  five  or  more  stories  high  may  be  tested  in  sections  as  directed 
by  the  proper  official. 

(k)  Air  Test. — When  water  is  not  available,  or  when  there  is  danger  of  freesing,  the  air  test,  with  a  pressure 
of  at  least  5  lb.  may  be  used. 

(Z)  Smoke  Test. — The  smoke  test  should  be  used  in  testing  the  sanitary  condition  of  the  drainage  or  plumbing 
system  of  all  buildings  where  there  is  reason  to  believe  it  has  become  dangerous  or  defective  on  account  of  settlement 
of  the  building,  abuse,  accident  or  other  cause. 

The  smoke  machine  should  be  connected  to  any  suitable  opening  or  outlet  in  the  system.  When  the  system 
is  filled  completely  with  dense  pungent  smoke,  and  the  openings  emit  smoke,  they  should  be  closed,  and  an  air 
pressure  equivalent  to  a  1-in.  water  column  applied,  and  left  standing  at  least  10  min.  If  there  is  no  leakage  or 
forcing  of  trap  seals,  the  system  may  be  considered  air-  and  gas-tight.  Nothing  coming  under  this  provision  shoukl 
be  construed,  however,  as  prohibiting  the  removal  of  any  clean-out  or  the  unsealing  of  a  trap  to  ascertain  if  the 
smoke  has  reached  alf  parts  of  the  system. 

(m)  Tests  for  Repairs. — Inspections  may  be  made,  but  tests  should  not  be  required,  after  the  repairing  or  re- 
placing of  any  old  fixture,  faucet  or  valve  by  a  new  one  to  be  used  for  the  same  puri>ose,  forcing  out  stoppages^ 
repairing  leaks  or  relieving  frosen  pipes  and  fittings.  Such  repairs  or  alterations  may  not  be  construed  to  include 
cases  where  new  vertical  or  horizontal  lines  of  soil,  waste,  vent  or  interior  rain  water  leaders  are  used  or  their  relative 
locations  changed.  In  a  biiilding  condemned  by  the  proper  authorities  because  of  insanitary  conditions  of  house 
drainage  or  plumbing,  tests  and  inspections  should  be  made  as  for  new  buildings.  In  such  cases  repairs  or  pitera- 
tions  should  be  made  which  are  necessary  to  make  the  plumbing  sanitary. 

Note. — No  test  nor  inspection  should  be  required  where  a  house  drainage  and  plumbing  system  or  part  thereof 
is  set  up  for  exhibition  purposes;  nor  should  a  test  be  required  (although  inspection  may  be  made)  where  the  plumb- 
ing is  placed  in  nn  outhouse,  stable  or  detached  building  used  exclusively  for  such  purpose. 

(n)  Preparations  for  Inspection. — When  work  is  ready  for  inspection  the  plumber  in  charge,  or  in  case  none  k 
employed,  the  owner,  should  make  such  arrangements  as  will  enable  the  inspector  to  reach  all  parts  of  the  building 
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re«dily,  should  hare  present  the  proper  apparatus  and  appliances  for  making  the  tests,  and  should  furnish  suoh 
assistance  as  may  be  necessary  in  maldng  proper  inspection. 

(0)  Notice  for  Inspection. — The  plumber  in  charge,  or  the  owner  of  the  property  in  case  no  plumber  is  employed, 
should  notify  the  inspector  in  person,  by  telephone  or  in  writing  when  the  work  is  ready  for  inspection.  If  the 
inspection  is  not  made  within  a  reasonable  time  after  the  notice  is  given,  the  plumber  in  charge,  or  the  owner,  may 
proceed  with  the  work,  or,  where  valid  reasons  exist,  he  may  defer,  or  decUne  to  make,  the  inspection. 

Section  60.  Defects  in  Materiaia. — If  tests  or  inspection  disclose  defective  material,  leakage,  or  unworkman- 
like eonatnietion,  which  does  not  conform  to  the  sanitary  requirements  and  which  is  condemned  by  the  inspector, 
the  same  should  be  removed  and  replaced  within  three  days,  and  when  necessary  reteeted. 

The  presence  of  any  foreign  substance,  other  than  that  provided  for  in  the  rules  governing,  about  a  joint  or  any 
part  of  a  plumbing  or  drainage  system  should  be  sufficient  cause  for  condemning  such  joint  or  part  of  the  system. 
Any  split  fittings,  hubs  or  defective  materials  which  do  not  conform  to  the  requirements,  and  which  have  been 
condemned  by  the  proper  authority,  should  be  removed  from  the  work  and  not  used  again. 

Toilet  Room  Requirements  for  Public  Buildings  and  Places  of  Employment 

Note. — "Approval  by  the  proper  authorities,"  as  used  in  the  following  sections,  is  intended  to  mean  approval 
(1 )  by  State  or  federal  authorities  in  conformity  with  laws,  rules  and  regulations  governing,  or  (2)  by  the  city  plumb- 
xxm  inspector,  building  department,  or  health  department  (as  the  case  may  be),  where  such  official  or  department 
acting  under  the  provisions  of  a  city  ordinance  issues  an  order  or  permit  for  the  work  in  question. 

Section  61.  Toilet  Rooms  Required, — Every  place  of  employment  and  every  public  building  should  have  ade- 
quate toilet  rooms,  oompletely  enclosed,  and  so  arranged  as  to  insure  privacy  \  except  that  in  foundries,  rolling  mills, 
blast  (umaces,  tanneries,  and  similar  buildings,  partitions  enclosing  toilets  should  be  at  least  7  ft.  high,  but  need  not 
in  all  cases  be  carried  to  the  ceiling  nor  enclosed  at  the  top,  provided  such  ceiling  is  at  least  15  ft.  high,  and  pro- 
vided such  toilets  are  located  in  rooms  which  females  are  not  allowed  to  enter. 

NaU. — Under  some  regulations  the  foregoing  exemptions  are  permissible  even  though  the  ceiling  is  lower  than 
15  ft.,  if  local  ventilation  through  the  closet  bowl  and  urinals  is  supplied  in  an  approved  manner.  Much  time  may 
be  saved  for  employes,  especially  in  factories,  by  the  placing  of  toilet  rooms  on  each  occupied  floor. 

Section  6S.  Toilel  Rooms  for  the  Two  Sexes. — Where  the  two  sexes  are  accommodated,  separate  toilet  rooms 
must  be  provided,  except 

(1)  In  apartment  houses  and  private  homes; 

(2)  If  approved  in  writing  by  the  proper  authorities  in  buildings  accommodating  not  more  than  five  persons  of 
both  sexes,  provided  the  door  of  such  toilet  room  is  kept  locked  and  the  key  kept  in  a  place  accessible  to  all  such 
persons.     But  whenever  the  number  of  such  persons  exceeds  five,  separate  toilet  rooms  should  be  provided. 

Entrances  to  toilet  rooms  for  the  two  sexes  should  be  properly  separated  by  screens  or  otherwise,  and  should, 
wherever  possible,  be  at  least  20  ft.  apart. 

Section  6S»  Sex  Designated. — Wherever  women  are  employed  or  accommodated,  each  toilet  room  should  be 
distinctly  marked  with  regard  to  the  sex  which  uses  it,  and  no  person  should  be  allowed  to  use  a  toilet  room  as- 
signed to  the  other  sex,  except  as  provided  in  Section  62. 

Section  64.  Loeationt  Light,  Ventilation. — Every  toilet  or  bath  room  shotOd  be  so  located  as  to  open  to  the 
outside  light  and  air  by  windows  or  skylight  openings  directly  upon  a  street,  alley,  court,  or  vent  shaft,  except  as 
hereinafter  provided.  Every  such  vent  shaft  should  have  a  horisontal  area  of  at  least  1  sq.  ft.  for  each  water-closet 
or  urinal  adjacent  thereto,  but  the  least  dimension  of  such  shaft,  if  one-story  high,  should  not  be  less  than  3ft.; 
if  two  stories  high,  not  less  than  4  ft.;  and  1  ft.  additional  for  each  additional  story. 

The  glass  area  for  a  toilet  room  containing  one  closet  or  urinal  should  be  at  least  4  sq.  ft.,  with  2  sq.  ft.  addi- 
tional for  each  additional  closet  or  urinal. 

In  addition  to  the  windows  herein  required,  each  toilet  room  which  contains  more  than  three  fixtures  (closets 
and  urinals)  should  have  a  vent  flue  of  incombustibls  material,  vertical  or  nearly  so,  running  through  the  roof, 
with  proper  cap  or  hood,  and  of  not  less  than  the  following  site: 

Four  fixtures 8-in.  pipe 

Five  or  six  fixtures 10-in.  pipe 

Seven  to  ten  fixtures 12-in.  pipe 

But  if  the  windows  or  skylights  can  not  be  opened,  then  vent  pipes  should  be  provided  as  specified  in  Sect.  65. 

No  toilet  room  should  have  a  movable  window  or  ventilator  opening  on  any  elevator  shaft  or  any  court  which 
contains  windows  of  sleeping  or  living  rooms  above;  except  that  a  toilet  room  containing  not  more  than  two  closets 
may  have  a  movable  window  on  such  court  if  the  room  has  a  vent  flue  running  above  the  roof. 

Section  66.  Location  Without  Outside  Windows— When  Permissible.— If  a  location  with  outside  windows  is 
impracticable,  a  different  location  may  be  permitted,  as  follows: 

(1)  For  a  toilet  used  by  not  more  than  three  persons,  without  special  permit. 

(2)  For  a  toilet  in  a  new  building,  used  by  more  than  three  persons,  only  upon  written  approval. 

(3)  For  a  new  toilet  room  in  an  existing  bulling,  used  by  more  than  three  persons,  only  with  the  written  ap- 
proval of  the  proper  authorities.  (Such  approval  usually  is  granted  only  where  a  location  with  outside  windows  is 
not  reasonably  possible.) 

Where  a  toilet  room  without  outside  windows  is  permitted,  it  should  have  a  fixed  window  or  windows  to  an 
adjoining  room,  with  glass  area  as  provided  above,  arranged  so  as  to  furnish  as  much  light  as  possible.     Frosted 
or  other  translucent  glass  should  be  used  when  necessary  for  privacy.     In  no  case  should  the  floor  be  made  of  wood. 
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A  vent  flue  of  incombuBtible  material  should  be  provided,  vertical  or  nearly  so.  running  through  tho  roof,  with 
proper  cap  or  hood,  and  of  not  leae  than  the  following  sixe: 

One  fixture  (closet  or  urinal) 6-in.  pipe 

Two  fixtures 8-in.  pipe 

Three  fixtures 10-in.  pipe 

Four  or  five  fixtures 12-in.  pipe 

Six  or  seven  fixtures 14-in.  pipe 

Eight  to  ten  fixtures 16-in.  pipe 

Note*. — (1)  Glass  area. 50%  greater  than  required  is  recommended. 

2.  An  air  inlot  is  recommended  if  it  can  be  made  sound-proof. 

3.  A  fan  in  the  flue  may  be  required  if  necessary  for  proper  ventilation.  If  there  is  no  fan  a  steam  ooil,  or 
even  an  electric  light  at  the  bottom  of  the  flue,  will  help  to  provide  circulation.  Where  a  metal  vent  pipe  extends 
above  the  roof,  a  double  pipe  or  oth^r  insulation  against  cold,  is  recommended. 

4.  Closets  provided  with  a  local  vent  are  recommended  and  may  be  required  in  some  cases  before  approval  is 
granted. 

Section  66.  Bxiating  Toilet  Roonu — V^%tilaium. — Every  toilet  room  heretofore  installed,  which  is  not  ade^ 
quately  ventilated  by  outside  windows  or  skylight,  should  be  provided  with  a  vent  flue  of  size  as  specified  in  Section 
65,  in  which  flue  a  fan  is  required  if  necessary  for  proper  ventilation. 

Every  such  toilet  room  which  cannot  be  kept  sanitary  should  be  moved  so  as  to  be  open  to  outside  light  and  air. 
Section  67.  Artificial  Light. — Every  toilet  room  (except  in  a  private  apartment)  should  be  artificially  lighted 
during  the  entire  period  that  the  building  is  occupied,  wherever  and  whenever  adequate  natural  light  is  not  avail- 
able, so  that  all  parts  of  the  room  are  easily  visible. 

Section  68.  Site. — Every  toilet  room  should  have  at  least  10  sq.  ft.  of  floor  area,  and  at  least  100  cu.  ft.  of 
air  space,  for  each  water-closet  and  each  urinal. 

Section  6f .  Floor. — The  floor  and  base  of  every  toilet  room  should  be  constructed  of  material  (other  than 
wood)  which  does  not  readily  absorb  moisture  and  which  can  be  easily  cleaned;  except  that  wood  floors  may  be 
used: 

1.  In  private  apartments. 

2.  If  approved  in  writing  by  the  proper  authorities,  in  existing  buildings  where  there  is  a  wood  floor  in  good 
condition  and  where  such  toilet  will  be  used  by  not  more  than  five  persons;  provided  further  that  such  room  most 
have  an  outside  window  or  skylight. 

Section  70.  Walle  and  Ceilinoe. — The  walls  and  ceiling  of  every  toilet  room  should  be  completely  covered  with 
smooth  cement  or  gypsum  plaster,  glased  brick  or  tile,  galvanized  or  enameled  metal,  or  other  smooth,  non-absorbent 
material.  For  small  toilet  rooms  receiving  light  use,  wood  iflay  be  \ised  if  well  covered  with  two  ooats  of  body 
paint  and  one  coat  of  enamel  paint  or  spar  varnish,  kept  clean  and  in  good  repair.  But  wood  should  not  be 
used  for  partitions  between  toilet  rooms,  nor  for  partitions  which  separate  a  toilet  room  from  any  room  used 
by  the  opposite  sex.    AU  such  x>artitions  should  be  as  nearly  sound-proof  as  possible. 

Note. — Walls  and  partitions  should  be  of  light  color  to  increase  illumination  and  facilitate  cleaning. 

In  large  rooms  a  hose  connection  and  floor  drain  should  be  provided. 

Section  71.  Partiiion*  Between  Fixtures. — Adjoining  water-closets  should  be  separated  by  partitions.  Each 
individual  urinal  or  urinal  trough  should  be  provided  with  a  partition  at  each  end  and  at  the  back,  to  give  privacy. 
Where  individual  urinals  are  arranged  in  batteries,  a  partition  should  be  placed  at  each  end  and  at  the  back  of  the 
battery.  A  space  of  6  to  12  in.  should  be  left  between  the  floor  and  the  bottom  of  each  partition.  The  top  of  the 
partition  should  be  from  5}i  to  7  ft.  above  the  floor.  Doors,  of  the  same  height  as  required  for  partitions,  should 
be  provided  for  water-closet  compartments  used  by  females.  Doors  at  least  24  in.  high,  with  the  center  of  the 
door  about  3  ft.  above  the  floor,  should  be  provided  for  water-closet  compartments  used  by  males.  All  partitions 
and  doors  should  be  of  material  and  finish  Required  in  Sect.  70. 

Note. — Wood  is  not  recommended;  if  used,  it  should  be  hardwood. 

Section  71.  Number  of  CloeeU  and  Urinals  in  Places  of  Industry, — In  every  place  of  employment,  whether 
heretofore  or  hereafter  constructed,  one  water-closet  should  be  provided  for  every  20  persons,  or  fraction  thereof, 
of  either  sex. 

In  addition  thereto,  where  more  than  10  males  are  employed,  one  urinal  should  be  provided  for  every  40 
males,  or  fraction.  Where  not  more  than  10  males  are  employed,  either  a  urinal  should  be  provided  or  the  water- 
closet  should  have  a  projecting  lip  and  self-rising  seat.  Where  trough  xjrinals  are  used,  each  2  ft.  of  trough  should 
constitute  one  urinal. 

Section  78.  Lavatories  in  Places  of  Industry. — Adequate  washing  facilities  should  be  provided  in  or  near 
every  toilet  room.  In  new  installations  there  should  be  at  least  one  lavatory  for  every  five  fixtures  (closets  and 
urinals),  or  fraction. 

Note. — One  lavatory  for  every  two  or  three  fixtures  is  recommended. 

Special  washing  facilities  are  required  in  certain  industries,  as:  (1)  in  industries  where  lead,  arsenic,  or  other 
poisonous  or  injurious  materials  are  handled  by  tho  employes;  (2)  in  industries  where  food  is  prepared  or  manu- 
factured, and  (3)  in  glue  factories,  foundries,  machine  shops  and  other  industries  where  the  employes'  hands  b^ 
come  dirty  or  greasy.  Except  that  in  industries  of  the  last  mentioned  clasd,  located  in  small  towns,  where  the 
employes  go  home  at  noon,  this  requirement  may  be  waived  by  the  proper  authorities.  In  new  installations  there 
should  be  at  least  one  lavatory  for  every  ten  employes,  or  fraction,  and  hot  water  should  be  provided.  Basins  or 
troughs,  equipped  with  stoppers,  for  common  use  are  usually  prohibited. 
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NoUm. — (1)  Washing  facUitie*  where  the  employe  must  necessarily  wash  in  running  water  are  recommended. 
A  large  trough  without  stopper,  wher^  each  person  washes  in  running  water  from  an  individual  faucet,  is  generally 
better  than  separate  bowls. 

2    One  lavatory  or  faucet  for  every  five  employes  is  recommended. 

3.  Adequate  washing  facilities  are  recommended  for  aU  industri^. 

4.  Washrooms  should  be  constructed  according  to  the  requirements  for  toilet  rooms,  as  far  as  possible. 
Section  TA.    8ckooU.'—The  following  sanitary  equipment  conforms  with  requirements  of  most  State  and 

local  units;  in  practice  they  are  found  adequate,  chosen  appliances  and  other  operating  conditions  being  favorable: 

One  water-closet  for  every  20  females  or  fraction,  except  for  grammar  and  primary  grades,  where  there  should 
be  one  water-closet  for  every  15  females  or  fraction. 

One  water-closet  and  one  urinal  for  every  40  males  or  fraction,  except  for  grammar  and  primary  grades,  where 
there  should  be  one  water-doset  and  one  urinal  for  every  30,  males  or  fraction.  Toilet  accommodations  for  males 
and  females  should  be  placed  in  separate  rooms  with  doors  not  less  than  20  ft.  apart.  A  drinking  fountain  and  sink 
should  be  installed  in  each  story  and  basement,  for  each  6000  sq.  ft.  of  floor  area,  or  fraction.  A  proper  number  of 
wash  bowls  should  be  provided. 

Note. — Ordinarily  there  should  be  at  least  one  wash  bowl  for  every  two  closets  and  urinals.  Wash  bowls  should 
be  placed  either  in  the  toilet  foom  or  immediately  outside.  Drinking  fountains  should  in  no  case  be  placed  within 
the  toilet  room  enclosure. 

Section  75.  Theatres  and  Attembly  HaXU. — Separate  toilet  rooms  in  connection  with  the  auditorium  should 
be  provided  for  males  and  females.  One  closet  should  be  installed  for  each  200  females  or  fraction,  and  one  closet 
and  one  urinal  for  each  300  males  or  fraction,  assuming  the  audience  to  be  equally  divided  between  males  and 
females. 

Section  75*  Apartment  HouaeSt  HoUU^  Lodging  Houses,  Dormitoriea,  HoapiUiU,  Asylums,  and  Places  of  Deten- 
tion.— Every  apartment  should  have  a  water-closet  in  a  bathroom  or  separate  compartment,  except  that  where 
there  are  apartments  consisting  of  but  one  or  two  rooms,  there  should  be  at  least  one  water-closet  for  every  two 
such  apartments. 

All  other  buildings  of  this  classification  should  have  at  least  one  water-closet  for  every  16  rooms  or  fraction 
thereof. 

Note. — Rooms  with  private  water-closets  should  not  be  considered  in  counting  either  the  number  of  rooms  or 
the  number  of  water-closets. 

In  every  building  of  this  classification  where  city  water  supply  is  available  or  can  be  made  available,  there 
ahould  be  at  least  one  adequate  sink  or  wash  bowl  with  running  water.  In  apartment  houses  there  should  be  such 
a  sink  or  wash  bowl  in  each  apartment. 

Section  77.  When  Waler  and  Seioer  Become  Available. — State  and  local  regulations  usually  require  that  within 
a  given  time  after  water  and  sewer  systems  become  available,  water-closets,  urinals  and  lavatories  shall  be  pro- 
vided. When  water  and  sewer  are  not  available,  other  toilet  and  washing  facilities  must  be  provided  (see  chapter 
on  "Waterless  Toilet  Conveniences"). 

Section  78*  Drinking  Water. — Every  public  building  should  be  supplied  with  sufficient  pure  drinking  water, 
and  the  faucets  or  outlets  for  the  same  should  be  placed  conveniently  for  users.  Common  drinking  cups  are  usually 
prohibited,  for  well-known  hygienic  reasons.  Sanitary  drinking  fountains  should  be  installed  cr  individual  cups 
prorided  (see  Art.  10  in  the  preceding  chapter.) 

References 

(1)  For  detailed  requirements  regarding  plumbing  fixtures  consult  Sections  51  to  54  inclusive. 

(2)  For  piping  and  other  regulations,  consult  preceding  sections,  also  chapter  on  "Public  Comfort  Stations.'* 

(3)  For  requirements  where  public  water  supply  and  sewerage  are  not  available,  consult  chapters  on  "Public 
Comfort  Stations"  and  "Waterless  Toilet  Conveniences." 

23*  Suggestions  for  Engineers,  Architects,  and  the  General  Public. — Where  modem  state 
laws  or  local  ordinances  on  this  subject  exist,  you  will  insure  sanitary  and  reasonably  durable 
plumbing  if  you  provide  in  your  specifications  and  contract  with  your  plumber  that  all  work 
must  be  performed  in  accordance  with  laws,  rules  and  regulations,  both  state  and  local.  You 
should  require,  further,  that  a  certificate  of  inspection  issued  by  the  proper  authority  be 
furnished  by  the  plumber  before  payment  is  made  for  the  whole  or  any  part  of  the  system 
to  be  installed  under  the  plans,  specifications,  agreement  or  contract. 

When  selecting  plumbing  fixtures  for  home,  office,  school,  factory,  or  other  types  of  build- 
ings, make  sure  that  they  are  of  sanitary  design  and  free  from  defects,  and  suitable  for  the  purpose 
intended. 

Experience  has  demonstrated  that  extra  heavy  cast-iron  soil  pipe  with  durable  lead  branches, 
bends,  joints  and  connections  properly  supported  and  protected  will  render  the  most  satisfac- 
tory service  for  ordinary  residences  or  small  buildings.  For  other  buildings  the  plumbing  and 
drainage  should  be  designed  to  meet  the  construction  of  the  building  and  the  purpose  for  which 
it  is  to  be  used. 
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The  use  of  cast-iron  pipe  for  all  underground  house  drains  within  the  building  is  strongly 
recommended.  It  wiU  cost  slightly  more  to  install  but  is  safer  from  a  sanitation  standpoint  and 
less  liable  to  cause  trouble  by  clogging  due  to  settling  or  breakage. 

The  object  of  ventilation  in  a  system  of  drainage  or  plumbing  is  to  keep  the  air  within  the 
pipe  in  circulation  and  thus  remove  foul  air  caused  by  decomposition  of  solids;  to  prevent  un- 
equal air  pressure  within  the  system  which  may  force  trap  seals  or  retard  the  flow  of  waste  water; 
to  prevent  the  pernicious  effects  of  sewer  gas  on  lead  and  iron  pipes;  and  to  protect  the  traps 
against  siphonage.    The  avoidance  of  dead  ends  is  essential. 

Stoppage  in  sewers  between  the  main  in  street  and  the  building  is  due  generally  to  one  or 
more  of  the  following  causes,  which  in  most  cases  is  easily  preventable:  Insufficient  fall,  de- 
fective joints  and  connections,  changes  in  direction  improperly  made,  inadequate  flushing,  tree 
roots,  grease  and  improper  usage.  Stoppages  in  the  drainage  system  within  the  building  are 
often  caused  by  poorly  made  joints,  improper  connections,  change  of  direction,  insufficient 
flushing,  grease,  matches,  hair  pins,  and  other  indifferent  usage. 

The  cheapest  method  of  installing  plumbing  and  sewerage  is  not  always  the  most  economical 
in  the  end. 

In  spite  of  all  the  safeguards  provided  by  states  and  cities,  all  plumbers  do  not  show  the 
same  degree  of  efficiency  in  workmanship. 

Pliunbing  that  is  properly  installed  and  given  reasonable  care  will  not  become  insanitar>' 
nor  dangerous  to  health. 

Buildings  intended  for  human  habitation  should  be  reasonably  free  from  dampness,  should 
have  an  abundant  supply  of  pure  fresh  air,  sunshine  and  pure  water,  and  should  be  equipped 
with  the  essential  sanitary  conveniences. 

Privy  vaults,  unclean  plumbing  fixtures  (especially  toilets  and  urinals),  defective  drains 
and  the  discharge  terminals  of  drainage  systems  assist  flies,  rats  and  other  vermin  in  spreading 
typhoid  fever  and  other  water-borne  diseases. 

When  the  use  of  disinfectants  is  required,  consult  your  local  health  officer. 

It  is  important  that  public  toilet  rooms  be  properly  located,  adequately  designed,  provided 
with  plenty  of  light  and  air,  and  kept  in  good  repair,  clean  and  sanitary. 

It  is  also  important  that  tank  pulls,  seats,  walls,  and  floors  be  frequently  and  thoroughly 
cleaned  and  kept  clean,  and  that  they  are  made  of  such  materials  and  construction  that  this  can 
be  done. 

Materials  of  wood,  and  materials  otherwise  unprotected,  should  be  kept  well  painted. 
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ELECTRICAL  EQUIPMENT 

* 

I 

By  C.  M.  Jansky 

The  use  of  electrically  operated  machinery  and  apparatus  has  become  so  extended  that 
sooner  or  later  some  form  of  electrical  equipment  is  installed  in  nearly  every  building.  In  order 
that  the  installation  may  be  economical  and  efficient,  provisions  should  be  made  in  the  first 
plans  of  the  building  for  such  installation  and  for  the  necessary  wiring. 

Although  specific  rules  which  will  apply  in  every  case  without  modification  and  adaptation 
cannot  be  given,  nevertheless,  there  are  many  general  principles  which  do  apply  and  a  knowledge 
of  these  will  be  of  assistance  in  planning  the  installations. 

1.  Electrical  Quantities. — The  electrical  terms  that  are  commonly  used  in  connection  with 
electric  installations  are  the  names  of  electrical  quantities  such  as  energy,  power,  current, 
electromotive  force  or  pressure,  resistance,  and  the  names  of  electrical  apparatus.  The  elec- 
trical quantities  have  certain  definite  relations  so  that  often  if  two  are  known,  another,  and 
sometimes  more  than  one,  may  be  calculated  or  determined  by  the  aid  of  these  relations. 

2.  Electrical  Energy. — Although  energy  is  not  the  simplest  of  electrical  quantities,  never- 
theless as  the  purpose  of  most  electrical  installations  is  the  efficient  transformation  and>utiliza- 
tion  of  energy,  it  will  be  considered  first.  An  electric  motor  or  an  electric  lamp  is  merely  a 
machine  or  device  for  transforming  electrical  energy.  This  energy  is  conveyed  to  the  motor 
or  to  the  lamp  by  means  of  wires.  In  order  that  the  amount  of  energy  used  by  different  pieces 
of  equipment  may  be  compared  or  calculated,  the  energy  must  be  measured.  There  are 
several  units  of  energy  in  practical  use,  just  as  there  are  many  units  of  volume  or  of  length. 
The  smallest  practical  unit  of  electrical  energy  is  the  toaU^econd,  The  watt-second  is  a  very 
small  unit  so  in  practice  a  much  larger  one  is  used.  The  more  common  unit  is  the  kilouaU^hour. 
A  kilowatt-hour  of  energy  is  equal  to  3,600,000  watt-seconds.  A  kilowatt-hour  of  energy,  if 
converted  into  heat  and  utilized  in  melting  ice,  will  melt  23.76  lb.  It  will  light  a  25- watt 
tungsten  lamp  for  40  hr.,  or  operate  a  1-horsepower  motor  for  about  1^  hr.  Energy  is  a 
physical  quantity,  and  it  is  that  which  operates  lamps  and  motors,  heats  flatirons,  and  for  which 
payment  is  exacted  by  the  public  utility  company. 

3.  Power. — Electrical  apparatus  is  usually  rated  in  terms  of  power — ^that  is,  in  terms  of  the 
amount  of  energy  the  apparatus  will  consume  or  develop  in  some  unit  of  time,  usually  the  second 
or  hour.  Thus  a  motor  that  develops  1  kilowatt-hour  in  1  hr.  is  said -to  be  a  1-kilowatt  motor. 
That  is  to  say,  power  is  the  rate  at  which  energy  is  being  transferred,  transformed  or  consumed. 
The  unit  of  power  is  the  watt  or  kilowaU,  The  kilotoatt  is  1000  times  as  large  as  the  watt.  The 
total  amount  of  energy  consumed  by  any  piece  of  apparatus  is  obtained  by  multiplying  the  rate  at 
which  the  energy  is  being  consumed  by  the  time  of  its  operation.  Thus  a  lamp  rated  as  a  25- 
watt  lamp  is  one  that  consumes  25  watt-seconds  of  energy  in  every  second.  In  1  hr.  a  25-watt 
lamp  will  consume  25  X  3600  =  90,000  watt-seconds  of  energy,  or  90,000  -s-  1000  =  90  kilo- 
watlr^econds.  Since  1  kilowatt-hour  ^  3,600,000  watt-seconds,  it  will  take  a  25-watt  lamp, 
3,600,000  -^  90,000  =  40  hr.  to  consume  1  kilowatt-hour  of  energy. 

lUttstratiTe  Problem. — A  25-hp.  motor  is  installed  to  operate  an  elevator.    How  many  kilowatt-hours  of  energy 
will  it  consume  in  a  10>hr.  day  if  the  average  load  is  only  15  hp.  and  the  efficiency  of  the  motor  is  85  %  T 

1  hp.  —  746  watts. 
15  hp.  =  (16)(746)  -  11.190  watts. 
(11.190)(10)  -  111,900  watt-hr. 

^10^   ■  111-®  *^w-h'".  at  100%  efficiency. 

1119 
-  '-   «e  131.6  kw.-hr.  at  85  %  efficiency. 
U.8o 

1285 
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IllttttratiTe  Problem. — What  will  be  the  cost  of  operating  twenty-five  6(>-watt  Uunpa  for  a  month.  6  hr.  per  day. 
at  8c.  a  kilowattrhourT 

(25)(60)  -  1500  watts. 
(1500)(6)  «  0000  watt-hr.  per  day. 
(9000)  (30)  -  270.000  watt-hr.  per  month. 

^J^;3P^  -  270  kw.-hr.  per  month. 
1000 

(270)  (0.08)  -  $21.60,  coat  per  month. 

4.  Electrical  Resistance. — Heat  is  one  form  of  energy.  The  lighting  of  an  incandescent 
lamp  is  due  to  the  heating  effect  of  electrical  energy  in  the  filament  of  the  lamp.  In  other  words, 
the  lighting  is  produced  by  the  conversion  of  electrical  energy  into  heat  by  a  property  of  the 
filament.  This  property  is  called  resistance.  The  unit  of  resistance  is  the  ohm.  In  concrete 
relations,  the  ohm  is  defined  as  the  resistance  of  a  column  of  mercury  106.3  centimeters  long  of 
uniform  cross  section  and  one  square  millimeter  in  cross  section,  at  a  temperature  of  melting  ice. 
A  length  of  1000  ft.  of  No.  10  copper  wire  at  a  temperature  of  25  deg.  C.  or  77  deg.  F.,  has  a  resis- 
tance of  one  ohm.  This  is  a  concrete  relation  more  easily  remembered.  In  terms  of  eneiigy 
units,  it  may  be  defined  as  that  resistance  in  which  one  ampere  will  develop  one  joule  of  energy 
per  second. 

6.  Effect  of  Temperature  Upon  Resistance. — When  a  metallic  conductor  is  heated  either 
externally  or  by  the  passage  of  an  electric  current,  its  resistance  is  increased.  The  resistance 
of  electrolytes  ^nd  of  carbon  decreases  as  their  temperature  increases  or  rises.  This  relation  is 
expressed  by  the  formula 

Rt  =  72.(1  -h  ad.)      ♦ 

where  te  is  expressed  in  degrees  centigrade,  and 

Rt  =  Rc{l  -h  a/tf) 

where  the  temperature  change  is  expressed  in  Fahrenheit  degrees,    a  is  called  the  temperature 
coefficient.     For  pure  metals  a«  =  0.00392  and  a/  =  0.0022.     For  electrolytes  a  is  negative. 

6.  Electric  Current. — Energy  may  be  transferred  from  the  point  of  its  development  to  the 
point  of  its  utilization  in  many  ways.  The  common  mechanical  means  are  the  spur  gear,  the 
belt,  the  cable,  a  stream  or  current  of  water,  current  of  steam,  and  current  of  electricity. 

In  the  first  five  cases  the  material  body  is  a  vehicle  for  transferring  the  energy,  and  its 
motion  transfers  the  energy.  In  an  electric  circuit,  the  matter  or  material  body  connecting  the 
source  of  energy  with  the  instrument  or  apparatus  where  it  is  utiHzed  does  not  move,  but  the 
energy  is  transferred  by  a  current  or  stream  of  electricity.  Perhaps  in  light  of  modem  theory 
we  should  say  of  a  current  of  electrons.  like  water  or  steam  the  electricity  (or  electrons)  is  a 
vehicle  of  energy,  and  energy  is  said  to  be  transferred  by  a  current  of  electricity. 

The  practical  unit  current  is  the  ampere.  An  ampere  may  be  defined  in  many  ways  but 
for  our  purpose  it  may  be  defined  as  that  current  which  will  develop  one  watt^aecond,  or  one 
joule  per  second,  of  heat  in  a  conductor  whose  resistance  is  1  ohm.  Another  and  more 
practical  definition  is  basd  on  the  chemical  action  of  an  electric  current.  Based  on  this 
principle  an  ampere  is  such  a  current  as  will  deposit  1.118  milligrams  of  silver  in  1  second 
from  a  standard  solution  of  silver  nitrate. 

7.  Electromotive  Force  or  Electrical  Pressure. — In  order  that  a  current  of  water  or  steam 
may  transfer  energy  from  one  point  to  another,  there  must  be  a  difference  of  pressure  between 
the  points.  If  there  is  ijo  difference  of  pressure,  no  current  will  flow  and  no  energy  will  be 
transferred. 

In  an  analogous  way  the  transfer  of  electrical  energy  from  its  source  to  points  of  utilisation 
is  due  to  difference  of  electrical  pressure  or  electromotive  force.  Electromotive  force  is  thus 
the  cause  of  the  flow  of  electricity  which  constitutes  the  current.  The  practical  unit  of  elec- 
trical pressure  is  the  volt.  The  volt  may  also  be  defined  in  many  ways,  but  in  terms  of  the  unite 
already  defined,  we  may  say  that  a  volt  is  the  pressure  that  will  send  a  current  of  1  ampere 
through  a  resistance  of  1  ohm. 
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8.  Ohm's  Law. — The  three  physical  quantities,  electrical  pressure,  current,  and  resistance 
are  related  in  a  definite  way,  known  as  Ohm's  law.  This  law  is  deduced  from  the  results  of 
experiments.  It  states  that  the  current  in  a  circuit  is  strictly  proportional  to  the  total  electro- 
motive force  in  the  circuit.  If  we  represent  the  current  in  amperes  by  7,  the  pressure  in  volts 
by  E  and  the  resistance  in  ohms  by  Rf  then  in  direct  current  circuits,  Ohm's  law  is  written 

/-I  «-5  IB-E 

niustnitiTe  Problem. — A  flatiron  takes  4  amperes  when  connected  to  a  1 10-voIt  circuit.     What  is  the  resistance 

of  the  iron? 

E 
By  Ohm's  law,  ^  *-   j       £  >-  110  volte  I  >-  4  amperes 

.-.  R  -    ^^   -  27.6  ohms 

4 

nittstratiTe  Problem. — What  pressure  is  required  to  send  one-half  ampere  through  a  220-ohm  lamp? 

By  Ohm*s  law.  B  »  IR.         /  >-  H  ampere.        R  «  220  ohms. 
.-.B  -  Oi)(220)  -  110  volte. 

ninstrative  Problem. — A  direct  current  pressure  of  110  volte  is  connected  to  an  electric  chafing  dish  whose 
resistance  is  22  ohms.     What  current  does  the  chafing  dish  take? 

By  Ohm's  law.  I  -  ^   -  HG  volte  A  «  22  ohms 

.    r        110      - 

9.  Pressure  or  Voltage  Drop. — In  order  that  a  current  may  flow  through  a  conductor  there 
must  be  a  difference  of  electrical  pressure  between  any  two  points  on  the  conductor.  If  Ei 
is  the  electrical  pressure  at  one  point  and  ^2  a  lower  pressure  at  another  point,  then  E\  —  Et 
is  the  pressure  drop.  If  /2  is  the  resistance  of  the  conductor  between  two  points,  then  by  Ohm's 
law 


Ei  —  Et 


I 


R 
and  E  ^  El  —  Et  *  IR 

In  other  words,  the  voltage  drop  between  any  two  p>oints  of  a  conductor  is  equal  to  the  product 
of  the  current  flowing  by  the  resistance  of  the  conductor  between  the  two  points.  The  voltage 
drop  across  an  incandescent  lamp  is  the  voltage  between  its  two  terminals  and  is  equal  to  the 
current  multiplied  by  the  resistance  of  the  lamp. 

IlltistratiTe  Problem. — The  current  taken  by  a  motor  is  50  amperes.  The  motor  is  connected  to  a  generator 
by  wires  whose  resistence  is  0.08  ohm.     If  the  generator  voltage  is  220  volte,  what  is  the  pressure  at  the  motor? 

The  voltage  drop  is  IR.  /  -  50  amperes.  R  -  0.08  ohms.  Then  voltage  drop  -  (50) (0.08)  -  4  volte.  The 
pressure  a't  the  mot<»'  is  the  difference  between  the  generator  voltage  and  the  voltege  drop  or  220  —  4   »  216  volte. 

10.  Heat  Developed  in  a  Wire. — The  amount  of  heat  developed  by  a  current  in  a  resistance 
was  experimentally  determined  to  be  directly  proportionate  to  the  product  of  the  resistance  by 
the  square  of  the  current  flowing  by  the  time.    Expressed  algebraically  this  relation  is  given  by 

Heat  =  kPRt 

When  /  is  expressed  in  amperes,  R  in  ohms,  and  t  in  seconds,  k  is  unity  and  the  heat  developed 
is  expressed  in  watt-seconds.     To  expreas  the  heat  in  calories,  k  becomes  0.24  and  the  formula  is 

Heat  =  0.24/«itt  calories 

There  are  many  examples  of  the  heating  effect  of  an  electric  current.  The  most  common  is 
the  incandescent  lamp  in  which  a  small  filament  of  wire  is  heated  to  incandescence  by  the  cur- 
rent, likewise,  electric  flatirons,  toasters  and  electric  furnaces  exemplify  the  same  principle. 
Some  heat  is  developed  in  every  wire  through  which  an  electric  current  flows.  In  some  cases, 
such  as  mentioned  above,  this  heat  is  utilized,  but  in  connecting  wires  and  all  light  and  power 
wires,  this  heat  is  wasted.  In  order  to  keep  the  loss  within  reasonable  bounds  the  wires  must 
have  low  resistance,  especially  where  they  carry  heavy  currents  any  distance  as  it  is  evident 
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from  the  formula  that  the  heat  developed  is  proportional  to  the  square  of  the  current.  Doub- 
ling  the  current  quadruples  the  heat  generated  in  the  same  resbtance. 

The  currents  that  copper  wires  will  carry  without  over-heating,  have  been  determined 
by  the  engineers  of  the  National  Board  of  Fire  Underwriters.  A  table  giving  these  current* 
is  found  on  p.  1296. 

When  the  current  is  measured  in  amperes  and  the  resistance  in  ohms,  A;  is  1,  and  we  have 
joules  =  PR  per  second,  or  watts  =  I^R.  But  by  Ohm's  law,  IR  =  E,  and  l^R  =  IE.  There- 
fore, IE  =  watts.  That  is,  if  the  difference  of  pressure  between  two  points  of  a  conductor  is 
E  volts  when  a  current  of  I  amperes  is  flowing,  there  are  IE  watts  of  power  being  spent  in  the 
conductor  between  the  two  points.  In  t  seconds,  the  energy  spent  will  be  Elt  watt-seconds,  or 
joules. 

lUustratiTe  Problem. — How  many  watt-secondB  or  joules  of  heat  are  developed  in  an  hour  in  an  electric  stove 
which  takes  a  current  of  10  amperes  and  whose  resistor  has  a  resistance  of  11  ohms? 
Heat  (joules)  «  I*Rt,  J  -  10  amperes,  12  «  11  ohms.  <  ^  1  hr.  -  3000  sec. 

.'.Heat  -  (10s)(ll)(3600)  «  3.960,000   joules  >  1.1    kw.-hr. 

Illostrative  Problem. — What  is  the  voltage  drop  across  the  resistor  of  preceding  problem? 

The  voltage  drop  ^  IR  -^  (10)(11)  "110  volts.  But  watts  -  volts  X  amperes,  then  110  volts  X  10  am- 
peres B  1100  watts.     1100  watts  supplied  for  one  hour  equals  1.1  kw.-hr.  as  above. 

niuatrative  Problem. — A  tungsten  lamp  takes  yi  ampere  at  110  volts.  How  much  power  is  necessary  to  light 
the  lamp? 

Power  -  EI.    ^  =  1 10  volts,  I  ^  H  ampere. 

.'.Power  -  (110)(34)  -  27.5  watts. 

nittitrative  Problem. — A  110-voIt  coffee  percolator  consumes  440  watts.     What  current  does  it  take?. 

watts      

Power  or  watts  -»  IS.     Then,  /  ■•  — g    •    Watts  -»  440,  and  ^  »  110  volts. 

.  ./  =  YTn  ""  4  amperes. 

Illustrative  Problem. — A  current  of  5  amperes  flows  through  a  4 76- watt  flatiron.     What  is  the  resistance  of  the 

flatiron? 

watts 
DR  -  watts.     Then  R  -  -~-      Watts  -  475,   and    /»  -  (6)(5)  -  26. 

475 
.-.«  -  ^  -  19  ohms. 

niuitrative  Problem. — How  many  watts  are  wasted  in  a  2-ohm  rheostat  when  25  amperes  are  flowing? 
Watts  -  JsA.     /)  -  (26) (25)  -  625,  72-2  ohms. 

.'.Watts  =  (625) (2)  -  1250  -  1.25  kw. 

The  energy  spent  in  any  given  time  is  equal  to  the  product  of  the  power  by  the  time. 
Since  I  X  E  ^  power,  then  I  X  E  Xt  =  energy.  If  t  is  in  seconds,  the  product  lEt  =  joules 
or  watt-seconds.    If  /   is  in  hours,  then  lEt  is  watt-hours,  and  since ^000  watts  =  1  kw., 

then  TKKr^  =  kilowatt-hours. 

Illustrative  Problems. — How  many  kilowatt  hours  of  energy  is  consumed  by  an  electric  range  in  3  hr.  if  it 

requires  3500  watts  for  its  operation? 

watts  X  hours       ...        ^^  . 
Tqqq •  kilowatt-hours. 

.(3500) (3)   ,,0,^^^   hr 
•  •     1000       -  10-5  KW.-hr. 

Illustrative  Problems. — Ten  25-watt  tungsten  lamps  are  burned  on  an  average  of  4  hr.  per  day  for  a  month  of 
30  days.     What  is  the  monthly  consumption? 

watts  X  hours  ^  tao^^tt-hours.     Watts  -  (10)  (25)  -  250.     Hours  -  (30) (4)  -  120 


1000 

.  (120)  (250) 
1000 


30  kw.-hr. 


niuatrative  Problem.— A  10-hp.  motor  is  operated  on  an  average  of  8  hr.  per  day  at  full  load.    What  will  be 
the  monthly  bill  assuming  operation  for  26  days  at  5c.  a  kilowatt-hour?    . 

^*^^I000*^°^°  "  kilowatt-hours.     1  hp.  -  746  watts;  then  watts  -  (10) (746)  -  7460.     Hours  •»  (26) (8)  -  208. 

.-.111^^1^  .  1561.68  kw.-hr.,  and  (155 1.68)  (0.06)  -  $77.68. 
lUuO 
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11.  Electric  Circuit. — When  steam  is  used  to  transfer  energy  or  to  do  work,  it  is  conveyed 
from  one  point  to  another  point  by  means  of  pipes.  In  the  most  efficient  S3rstems  the  steam  is 
not  permitted  to  escape  after  it  has  parted  with  its  energy,  but  by  means  of  return  pipes,  con- 
denser, etc.,  it  is  returned  to  the  boiler  whence  it  started.  It  is  thus  made  to  pass  through  or 
around  a  path  or  circuit.    It  is  kept  in  this  path  by  pipes. 

In  an  analogous  way,  electricity  is  conducted  from  one  place  to  another  by  metallic  conduc- 
toi^  and  the  metallic  wires,  along  which  the  electric  current  flows  from  thegenerator  to  thelamp 
or  other  apparatus,  are  called  the  electric  circuit.  When  every  part  of  the  circuit  is  metallic 
the  current  can  flow  and  the  circuit  is  said  to  be  closed.  An  op>en  circuit  is  a  discontinuous  cir- 
cuit, or  one  in  which  there  is  a  break. 

All  Bubstancee  will  not  carry  electricity  with  the  Bame  facility,  hence  tubetancee  are  classified  as  eonductora  and 

Conductors  are  substances  which  permit  the  electric  current  to  flow  with  comparative  ease.     Most  metals  are 
good  conductors,  copper  being  one  of  the  best. 

Intulatort  are  substances  which  do  not  transmit  electricity  with  ease.     Glass,  porcelain,  rubber,  paraffin, 
shellac  (dry),  etc.,  are  insulators.     Both  conductors  and  insulators  are  needed  in  an  electric  circuit;  the  conductor 
to  form  the  path  of  the  current  and  the  insulator  to  prevent  its  escape.     The  wires  commonly  used  in  forming  elec-  • 
trical  circuits  are  therefore  insulated. 

12.  Kinds  of  Electric  Currents. — There  are  two  kinds  of  electric  currents  in  use,  direct  and 
alternating.    Although  there  is  no  essential  difference  in  the  electricity,  the  manner  in  which  it 
is  made  to  flow  develops  distinguishing  properties.     A  direct  current  is  one  in  which  the  elec- 
tricity, or  electrons  if  we  wish  to  use  modern  terms,  is  con- 
tinually flowing  in  the  same  direction.    The  amoimt  that 
flows  per  second  may  vary,  but  the  durection  of  flow  does 
not.     A  direct  current  is  thus  a  continuous  current  so  long 
as  the  circuit  is  closed.    A  battery  is  the  best  example  of 
the  source  of  a  direct  current.    The  current  flows  out  at 
one  electrode  and  returns  to  the  other. 

An  alternating  current  is  one  whose  intensity  is  con- 
stantly changing  and  whose  direction  of  flow  is  reversed 
periodically.    The  motion  of  a  pendulum  is  a  good  analogy  Fio.  i. 

for  an   alternating  current.    The  speed  of  the  pendulum 

constantly  changes  from  one  extreme  position  of  its  swing  to  the  other  extreme,  and  at  these 
points  it  changes  its  direction  of  motion.  In  the  same  way,  when  a  source  of  alternating 
electromotive  fcNrce,  such  as  an  alternating-current  generator,  is  connected  to  a  circuit,  the 
current  rises  from  zero  to  a  maximum  value,  decreases  from  this  value  to  zero  when  it  reverses 
its  direction  of  flow  and  then  increases  to  a  maximum  value  in  the  opposite  direction,  and  again 
decreases  to  zero.  This  cycle  is  repeated  many  times  a  second  so  long  as  the  current  flows. 
The  number  of  cycles  per  second  is  called  the  frequency.  The  common  frequencies  in  this 
country  are  60  cycles  per  second  for  power  and  light,  and  25  cycles  per  second  for  power. 
Twenty-five  cycle  current  is  sometimes  also  used  for  lighting  but  it  is  not  so  satisfactory  on 
account  of  the  resulting  flickering  of  light. 

13.  Kinds  of  Circuits. — Energy  is  conveyed  from  its  source  to  points  of  utilization  by  wires 
or  conductors  forming  circuits.  Circuits  are  classified  with  reference  to  the  manner  in  which 
the  energy  is  distributed  by  the  electrical  current,  and  also  with  reference  to  the  kind  of  cur- 
rent; that  is,  direct  or  alternating. 

The  first  method  of  classification  gives  series  circuits  and  divided  circuits.  Divided  circuits 
may  be  merely  parallel  circuits,  or  a  combination  of  parallel  and  series  circuits;  A  good  ex- 
ample of  series  circuit,  is  the  ordinary  series  street  lighting  circuit  (Fig.  1).  In  the  series  cir- 
cuit, the  current  passes  undiminished  through  each  part  of  the  circuit.  Different  parts  of  the 
circuit  may,  however,  absorb  equal  or  different  amounts  of  energy. 

In  the  parallel  circuit  (Fig.  2),  the  current  does  not  maintain  a  constant  value  throughout 
different  parts  of  the  circuit  but  is  subdivided,  each  utilizing  or  energy-consuming  device  di- 
verting some  of  the  current.    These  parallel  circuits  may  be  equal  or  unequal  depending  upon 
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the  design  of  the  apparatus.  The  main  advantage  of  the  parallel  circuit  over  the  series  circuit 
is  the  fact  that  it  permits  the  subdivision  of  the  electric  current  so  that  small  and  large  energy- 
utilizing  devices  may  be  supplied  from  the  same  source.  Indoor  incandescent  lighting  circuits 
are  invariably  parallel  circuits. 

The  circuits  shown  in  Figs.  1  and  2  are  what  are  known  as  two-wire  circuits.  Energy-utilising  devices  such  as 
lamps  or  motors  in  a  series  circuit,  must  be  designed  for  the  same  current  although  the  voltage  drop  across  their 
terminals  may  be  different.  Apparatus  intended  for  parallel  connection  must  be  designed  for  the  same  voltage  but 
may  have  very  much  different  current-carrying  capacity.  Thus,  a  10-watt  110-volt  lamp,  a  450-watt  110-volt 
lamp  and  a  10-hp.  motor  may  all  be  operated  from  the  same  pair  of  mains.  The  first  lamp  will  take  a  current  of  less 
than  0.1  ampere  while  the  motor  will  take  a  current  of  over  67  amperes  at  full  load. 

It  has  been  shown  that  the  energy  lost  in  wires  is  proportional  to  the  square  of  the  current,  hence  if  much 
energy  is  to  be  utilised  at  a  considerable  distance  from  its  source,  it  is  preferable  to  raise  the  voltage  and  reduce 
the  current,  but  incandescent  lamps  designed  for  higher  than  110  volts  cannot  be  made  readily  for  low-energy 
consumption.  To  utilise  the  higher  voltage  and  also  to  use  small  low-voltage  lamps,  there  has  been  designed 
the  three-wire  circuit  shown  in  Fig.  3.    The  three-wire  circuit  is  common  especially  in  large  cities. 

14.  Electrical  Machines  and  Apparatus. — Electrical  machines  and  apparatus  are  of  three 
.  kinds :  That  by  means  of  which  the  energy  is  developed  or  generated ;  that  in  which,  or  by  which, 
the  energy  is  utilized;  and  that  used  for  transforming  the  energy  either  from  one  voltage  to 
another  or  from  alternating  current  to  direct  current,  or  vice  versa. 

The  machines  used  for  developing  energy  are  called  generators.  Generators  are  classified 
as  direct  current  and  alternating  current.     The  utilizing  machines  and  apparatus  are  of  various 
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forms.  Those  used  for  power  purposes  are  called  motors.  Most  of  the  other  forms  depend  on 
their  operation  upon  the  heating  effect  of  the  electric  current.  The  incandescent  lamp,  electric 
flatiron,  and  electric  stove  are  good  examples. 

The  transforming  apparatus  is  of  three  forms — static  transformers,  rotary  or  synchronous 
converters,  and  motor  generators. 

The  static  transformer  is  used  to  change  alternating  current  at  one  voltage  to  alternating 
current  at  another  voltage.  The  house  voltage  is  usually  110  volts  while  the  voltage  between 
line  wires  may  be  2300  volts  or  higher.  By  means  of  the  transformer,  the  line  voltage  is  stepped 
down  so  that  it  may  be  safely  used  in  buildings. 

A  synchronous  converter  is  a  combination  of  an  alternating-current  motor  and  a  direct- 
current  generator  in  one  machine.  Alternating  current  entering  at  one  end  of  the  armature 
drives  the  machine,  while  direct  current  is  taken  from  the  armature  at  the  other  end, 

A  motor-generator  is  merely  a  combination  of  two  separate  machines,  an  a.-c.  motor  and 
a  d.-c.  generator,  or  a  d.-c.  motor  and  an  n.-c.  generator,  depending  upon  which  machine  is  the 
driver  and  which  is  the  driven. 

Generators  are  installed  in  isolated  plants  and  in  central  stations.  Where  central  station 
power  is  available,  as  in  cities,  generators  are  seldom  installed  anywhere  except  at  the  central 
station,  but  motors  are  installed  in  many  buildings  where  power  machinery  is  used.  Motors  are 
rated  in  horsepower  or  kilowatts,  the  rating  being  the  full  load  output.  Since  motors  never  have 
an  efficiency  of  100%,  the  current  intake  of  the  motors  will  always  be  higher  than  that  indi- 
cated by  the  rating.     To  convert  the  horsepower  rating  into  watts,  multiply  by  746. 
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Illnstratiye  Problem. — What  is  the  current  intake  of  a  2&-hp.  220-volt  d.-c.  motor  whose  efficiency  is  86  %  T 

1  hp.  -  746  watts.     25  hp.  -  (25)  (746)  «  18,650  watts. 

18  6fi0  w&tt«        21  040 

Watts  intake  -    Z'°,     -  21,W0  watts.     Current  -  -^^^^  -     ^' ^     -  99.7  or  100  amperes. 


0.86 


volts 


220 


The  foUowiiig  table  gives  the  full  load  currents  taken  by  d.-c.  motors  of  the  more  common 
sizes  and  voltages,  together  with  other  useful  data. 


WiBiNG  Table  for  Dirbct-cubbbnt  Motors 


Horse- 
power 

Voltagei 

Approz. 

full-load 

cuirent 

Sise  of 
fuses 

Sise  of 
switch 

Sise  of  wire, 

B.  AS. 

cage 

Ylane- 
power 

Voltage* 

Approz. 

full-load 

current 

Siae  of 
fuses 

Sise  of 
switch 

Sise  of  wire, 

B.  AS. 

gage 

>r 

110 
220 

600 

2.4 
1.2 
0.5 

6 
3 
1 

10 
5 
5 

14 
14 
14 

30 

110 
220 
500 

232.0 

116.0 

60.8 

300 

150 

70 

300 

150 

75 

300.000 

00 

3 

■ 

H 

110 
220 
600 

4.8 
2.4 
1.0 

6 
4 
2 

10 
5 
6 

14 
14 
14 

35 

110 
220 
500 

270.0 

135.0 

69.2 

350 

176 

76 

400 

200 

75 

450,000 

000 

3 

1 

110 
220 
600 

8.4 
4.3 
1.8 

12 
6 
3 

15 

10 

6 

14 
14 
14 

40 

110 
220 
500 

310.0 

155.0 

67.8 

400 

200 

90 

400 
200 
100 

500,000 

200,000 

2 

2 

110 
220 
600 

m 

17.0 
8.5 
3.7 

25 

12 

5 

25 

15 

6 

10 
14 
14 

50 

110 
220 
500 

377.0 

188.5 

83.0 

500 
250 
110 

500 
250 
100 

700,000 

250,000 

1 

2H 

110 
220 
600 

20. 0 

10.0 

4.4 

25 

15 

6 

25 
15 
10 

10 
12 
14 

60 

110 
220 
500 

452.0 

226.0 

99.6 

550 
300 
125 

600 
300 
150 

900.000 

350.000 

0 

3 

110 
220 
600 

24.0 

12.0 

5.3 

30 
15 

8 

30 
25 
10 

8 
12 
14 

• 

70 

110 
220 
500 

528.0 
264.0 
116.0 

660 
326 
150 

600 
300 
150 

1,000.000 

400,000 

00 

3>i 

110 
220 
600 

28.0 

14.0 

6.0 

35 
20 
8 

35 
25 
10 

8 
12 
14 

75 

110 
220 
500 

668.0 
284.0 
124.0 

710 
360 
150 

800 
400 
150 

1.200.000 

460,000 

00 

5 

110 
220 
500 

40.0 

20.0 

8.8 

50 
25 
12 

60 
25 
15 

•       6 
10 
14 

80 

110 
220 
500 

604.0 
302.0 
133.0 

755 
375 
175 

800 
400 
200 

1.300,000 

600.000 

000 

7H 

110 
220 
600 

60.0 
30.0 
13.5 

75 
40 
18 

75 
50 
15 

3 

8 
12 

90 

110 
220 
600 

680.0 
340.0 
149.0 

850 
450 
200 

800 
400 
200 

1,500;000 
600,000 
200,000 

10 

110 
220 
600 

80.0 
40.0 
17.5 

100 
50 
25 

100 
60 
25 

1 

5 

10 

100 

110 
220 
600 

746.0 
373.0 
164.0 

933 
450 
200 

1000 
400 
200 

1,700,000 
600.000 
200,000 

15 

110 
220 
600 

120.0 
60.0 
26.3 

150 
75 
35 

150 
75 
30 

00 
3 
8 

125 

110 
220 
600 

934.0 
467.0 
205.0 

1168 
600 
250 

1200 
600 
300 

2,105,500 
900.000 
250.000 

20 

110 
220 
500 

164.0 

77.0 
34.0 

200 

100 

45 

200 

100 

'    60 

0000 
0 
6 

150 

110 
220 
600 

1106.0 
563.0 
245.0 

1383 
691 
300 

1200 
600 
300 

2,400,000 

1,100.000 

350,000 

25 

110 
220 
500 

192.5 
96.3 
42.4 

250 

125 

60 

250 

150 

75 

250,000 
0 
5 

*  110-voIt    data  applies  to  voltages  of  from 
100  to  125  volts,  220-volt  data  to  200  to  250  volts 
and  500-volt  data  to  500  to  600  volts. 
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16.  AltematingH^urrent  Generators. — Alternating-current  generators  are  classed  as  single- 
phase,  two-phase  or  quarter-phase,  and  three-phase.  The  first  and  last  mentioned  are  the 
most  common.  The  single-phase  generator  has  a  continuous  winding  on  the  armature  in  which 
there  is  developed  a  single  current  which  fluctuates  aa  described  in  Art.  12.  The  single-phase 
generator  supplies  current  to  either  a  two-wire  or  a  three-wire  circuit. 

A  two-phase  generator  has  two  sets  of  coils  on  the  armature.  These  coils  are  located  ao 
that  when  the  current  in  one  set  is  a  maximum,  that  in  the  other  set  is  zero,  and  vice  versa. 
They  are  the  equivalent  of  two  single-phase  generators  whose  currents  differ  in  phase  by  one- 
quarter  of  a  period.  Two-phase  generators  supply  current  to  four-wire  circuits.  Sometimes 
two-phase  currents  are  distributed  by  three-wire  circuits. 

A  three-phase  generator  has  three  sets  of  coiLs  on  the  armature.  The  coils  may  be  con- 
nected so  as  to  form  a  closed. circuit  (delta  connection),  or  the  three  sets  may  have  one  end  of 
each  set  connected  to  a  common  point  (Y  connection).  The  currents  in  these  seta  of  coils  differ 
in  phase  by  one-third  of  a  period.  Three-phase  generators  are  commonly  used  for  generating 
currents  for  power  purposes  and  supply  current  to  three-,  four-  or  six-wire  circuits. 

Alternating-current  generators  are  rated  in  kilovolt-amperes,  kv-a.  The  output  in  watts 
Is  equal  to  the  kilovolt-amperes  multiplied  by  the  power  factor  of  the  load  circuit.  The  power 
factor  is  determined  by  the  characteristic  of  the  load  and  may  have  any  value  from  0  to  1.  The 
power  factor  of  direct-current  circuits  is  1.  The  alternating  current  taken  by  any  receiving 
circuit  or  energy-consuming  device  can  not  be  calculated  from  the  pressure  and  current  alone, 
but  the  power  factor  must  also  be  known.  If  we  represent  the  current  output  of  an  alternator 
by  /,  the  e.mX  between  line  wires  by  Ej  and  the  power  factor  by  K,  then  the  power  output  of 
the  three  types  of  generators  is  given  by 

Single-phase  power  =  KEI 
Two-phase  power     —  2KEI 
Three-phase  power  =  1,732KEL 

lUuBtratlTe  Pzoblem. — A  single-phaAe  generator  supplies  150  amperes  to  a  circuit  at  550  voHs.  Wliat  power  it 
supplied  to  the  circuit  if  its  power  factor  is  0.75? 

Power  -  KEI  watts.     K  -  0.75,  E  -  550.  and  /  »  150. 

.-.Power  «  (0.75)(150)(550)  -  61,875  watts  -  61.875  kw. 

lUttStratiTe  Problem. — The  line  voltage  of  a  three-phase  generator  is  2300  volts;  the  line  current  is  50  amperes 
How  much  power  is  it  supplying  if  the  power  factor  of  the  load  is  0.80? 

Power  -  1.732KEI.     K  -  0.80,  E  «  2300,  and  I  =  50  amperes. 

.'.Power  "  (1.732)(0.80)(2300)(50)  -  159,344  watts  -  159.344  kw. 

16.  Alternating -current  Motors. — There  are  several  types  of  arC.  motors  in  common  use, 
the  distinction  between  them  being  due  to  their  construction  and  manner  of  operation.  The 
more  common  types  are: 

(o)  Single-phase  Series  Commutator  Motors, — These  are  practically  the  same  as  d.-c.  series 
motors  in  general  features  of  construction  and  are  supplied  by  two-wire  circuits. 

(6)  Synchronous  Motors. — These  are  practically  the  same  as  a.-c.  generators,  but  instead  of 
developing  alternating  current,  they  are  .driven  by  it.  They  are  essentially  constant  speed 
machines. 

(c)  Induction  Motors, — These  are  the  most  common  type  of  a.-c.  motors.  The  essential  fea- 
tures of  this  type  of  motor  are  a  stationary  winding  and  a  short-circuited  rotary  winding.  When 
an  alternating  current  is  passed  through  the  stationary  winding  a  revolving  magnetic  field  is 
produced.  This  revolving  magnetic  field  develops  a  current  in  the  rotating  element  and  a  drag 
results,  causing  the  rotary  element  to  turn.  Induction  motors  are  made  for  single-phase  and 
polyphase  currents. 

The  current  intake  of  an  induction  motor  varies  considerably  with  the  load.  The  smaller*  up  to  25  hp.. 
induction  motors  are  commonly  started  by.  connecting  them  directly  across  the  line.  The  starting  current  is  thus 
from  one  to  3.5  times  the  full-load  current  depending  upon  the  sise  of  the  motor.  Provision  m\ut  be  made  for  this 
when  wiring  for  such  motors. 

Table  on  p.  1304  gives  the  currents  for  induction  motors  of  different  sises. 

Switches  should  have  a  rated  capacity  at  least  as  large  as  the  rated  capacity  of  the  fuse  protecting  the  oirouit. 
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or.  if  the  oiroiiit  is  protected  by  a  drcuit  breaker,  the  switch  should  have  such  capacity  that  the  breaker  wiU  be  set 
to  be  opened  by  a  current  not  greater  than  30  %  in  ezoees  of  the  current  rating  of  the  switch. 

17.  Household  Appliances. — Owing  to  their  convenience,  the  use  of  household  appliances 
is  rapidly  extending.  The  following  table  gives  the  powere  consumedi  the  current  intake,  the 
size  of  connecting  wires -and  other  useful  data  for  many  domestic  and  commercial  appliances: 


Appliances 


Watts 
consumed 


Amperes  at 
110  volts 


Sise  of  wire 
(rubber  covered) 


Fuse 
(amperes) 


Broilers,  3  It 

Chafing  dishes,  3  It 

Cigar  lighters 

Coffee  percolators  tat  6  in.  stove 

Oorn  poppers 

Curfing  iron  heaters 

Double  boilers  for  6  in.  3  It.  stove. . . . 

Flatiron — 3  lb 

Flatiron-— 4  lb 

Flatiron — 5  lb 

Flatiron— 6  lb 

Flatiron — 7.5  lb 

Flatiron — 9  lb 

Frying  kettles,  8  in.  diam 

Griddle  cake  cookers,  9  X  12  in.,  3  It. . 
Griddle  cake  cookers,  12  X  18  in.,  3  It 

Heating  pads 

Instantaneous  flow  water  heaters 

Nursery  milk  warmers 

Ovens 

Plate  warmers 

Radiators 

Ranges:  Three  heats.  4  to  6  people. . . 
Ranges:  Three  heats,  6  to  12  people. . 
Panges:  Three  heats,  12  to  20  people. 

Shaving  mugs 

Stoves  (plain)  4.5  in.,  3  bt 

Stoves  (plain)  6  in.,  3  ht 

Stoves  (plain)  7  in.,  3  ht 

Stoves  (plain)  8  in.,  3  ht 

Stoves  (plain)  10  in.,  3  ht 

Stoves  (plain)  12  in.  3  ht 

Stove,  traveler's 

Toasters,  9  X  12  m.,  3[ht 

Toasters.  12  X  18  in.,  3  ht 

Urns,  1-gal.,  3  ht 

Urns,  2-gal.,  3  ht 

Urns,  3-gal.,  8  ht 

Urns,  5-gaI.,  3  ht 

Wafl3e  irons,  2  wafiles 

Waffle  irons,  3  waffles 


300  to  1200 
200  to  600 

76 
100  to  440 

300 
60 
100  to  440 

276 

350 

400 

475 

540 

610 

825 
330  to  880 
500  to  1500 

50 

2000 

450 
1200  to  1500 

300 

700  to  6000 

1000  to  4515 

1100  to  5250 

2000  to  7200 

150 
50  to  220 
100  to  440 
120  to  600 
165  to  825 
275  to  1100 
325  to  1300 

200 
330  to  880 
500  to  1500 
110  to  440 
220  to  660 
330  to  1320 
400  to  1700 

770 

1150 


3  to  11 
1.8  to4.6 

0.7 
1  to  4 

2.7 

0.6 
1  to4 

2.5 

3.2 

3.6 

4.3 

4.9 

5.6 

7.5 
3  to  8 
4.6  to  13.7 

0.5 

18.2 

4.1 
11  to  13,7 

2.7 

6.4  to  56 
9.1  to  41 

10  to  47.5 
18.2  to  65.5 

1.4 
0.46  to  2 

1  to  4 
1.1  to5.5 

1.5  to  7.5 

2.5  to  10 
2.95  to  12 

1.82 
3  to  8 

4.6  to  14 

1  to  4 

2  to  6 

3  to  12 

3.7  to  15.5 

7 
11 


14. 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

12 

14 

14 

14 
14  to  4 
14  to  6 
14  to  6 
12  to  4 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 
14  to  12 

14 

14 


6  to  15 
6 
3 
3  to6 
6 
,   3 
3  to  6 
6 
6 
6 
6 
10 
10 
10 
10 
6  to  15 
3 
25 
6 
15 
6 
10  to  75 
10  to  50 
10  to  50 
20  to  70 
3 
3 
6 
6 
3  to  10 
3  to  10 
6  to  15 

3 
6  to  10 
6  to  15 
6 
6 
6  to  15 
6  to  20 
10 
15 


18.  Interior  Wiring. — Electrical  energy  for  lighting  and  power  is  conveyed  into,  and  dis- 
tributed throughout,  buildings  by  means  of  insulated  wires. 

In  general)  wiring  sj^tems  may  be  classified  in  accordance  with  the  kind  of  current  they 
carry;  that  is,  direct  or  alternating.  For  low-voltage  interior  circuits  there  is  little  difference 
in  the  two  systems.  Another  classification  is  based  on  the  number  of  wires  used  in  a  circuit. 
According  to  this  classification  we  have  two-wire  and  three-wire  systems.  The  two-wire  sys- 
tem may  be  either  a  series  or  parallel  system.  It  consists  essentially  of  two  wires  by  which  the 
current  passes  to  and  from  the  lamps  or  other  energy-consuming  devices.  Fig.  4  is  a  dia- 
gram of  a  two-wire  parallel  wiring  system.     Two-wire  circuits  may  be  supplied  by  direct  cur- 
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rent  or  by  alternating  current.  The  alternating  current  may  be  supplied  by  a  single-pliase 
generator  w  hen  the  circuite  are  as  shown  in  Fig.  4,  or  the  source  may  be  a  two-phaae  or  three- 
phase  generator.     When  polyphase  generators  are  used  for  supplying  energy  to  two-wire  circuits, 


the  connections  are  made  as  shown  in  Fig.  S.     For  satisfactory  operation  the  load  in  each  phase 
should  be  approximately  the  same. 


Tia.  B, 


19.  Three-wire  SysteiUB. — As  already  explained,  three-wire  systems  are  designed  to  permit 
the  use  of  higher  voltajces  with  Jow-volt^e  lamps.  The  source  of  enei^y  for  a  three-wire 
system  may  be  either  a  three-wire,  d.-c.  generator  or  a  two-wire  d,-c,  generator  with  a  proper 
balancer  set.     Fig.  3  shows  the  connections  for  a  three-wire  circuit  supplied  by  two  two-wire 
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generators  giving  double  the  voltage  of  the  lamps.     When  the  loads  between  the  outside  wires 
and  the  middle  or  mutual  wire  are  equal,  the  system  is  said  to  be  balanced.     When  this  condi- 


Fia.  6. 

tion  is  fulfilled,  the  middle  wire  carries  no  current;  when  this  condition  is  not  fulfilled  the  neu- 
tral  wire  carries  the  excess  of  current  in  one  outside  wire  above  that  in  the  other  outside  wire. 


Fia.  7. 


Three^wire  circuits  are  also  supplied  by  single-phase  and  pol3rphase  alternating-current 
generators  through  transformers.     A  single-phase  three-wire  circuit  is  shown  in  Fig.  6. 


V 

6 


trunsfbrmer 


0  Q  0-ig^^;;^ 


Fto.  8. 


The  MooncUiy  winding  of  transforinen  eoosists  of  two  coib  which  may  be  oonnecied  in  seriee  or  parallel, 
hence  they  are  well  adapted  for  supplying  three-wire  circuits.     The  three-phase  three-wire  circuit  differs  somewhat 
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from  the  three-wire  circuit  described  above,  in  that  it  essentiaUy  coosiatoof  three  two-wire  olrcultt  that  are  inter- 
connected. The  energy  is  Bupplie4  and  distributed  by  three  wires  but  the  circuits  are  so  connected  that  any  vnr9 
may  be  considered  as  the  return  wire  for  either  of  the  other  two.     Such  a  system  is  shown  in  Figs.  7  and  & 

20.  Calctilation  of  D-C.  Circuits. — Most  electrical  energy-utilizing  devices  are  built  so  as 
to  operate  satisfactorily  at  a  constant  voltage.  This  necessitates  that  the  wires  along  which 
the  energy  is  supplied  be  of  proper  size.  There  are  two  conditions  that  determine  the  proper  sise 
of  wire;  one  is  the  voltage  drop,  and  the  other  is  heating.  The  safe  current  carrying  capacity 
of  wires  is  given  in  following  table. 

Tablb  of  Allowable  Carrying  CAPAcrriES  of  Wires 


B.  A  S.  gage 
number 

Diameter  of  solid 

wire  in  mils 
(1  mU  -  0.001  in.) 

• 

Area  in  circular 
mils 

Rubber  insulation 
(amperes) 

Other  insulation 
(amperes) 

18 

40.3 

1,624 

3 

6 

16 

50.8 

.2.583 

6 

10 

• 

14 

64.1 

4,107 

15 

20 

12 

80.8 

6.530 

20 

25 

10 

101.0 

10,380 

25 

30 

8 

128.5 

16,510 

35 

50 

6 

162.0 

26,250 

50 

70 

5 

181.9 

33.100 

55 

80 

4 

204.3 

41,740 

70 

90 

3 

229.4 

52,630 

80 

100 

2 

257.6 

66,370 

90 

125 

1 

289.3 

83.690 

100 

150 

0 

325.0 

105.500 

125 

200 

00 

364.8 

133.100 

150 

225 

000 

409.6 

167,800 

175 

275 

200,000 

200 

800 

0000 

•460.0 

211,600 

225 

325 

300,000 

275 

400 

400.000 

325 

600 

500.000 

400 

600 

600.000 

450 

680 

700,000     - 

600 

760 

800,000 

650 

840 

900,000 

600 

920 

« 

1,000,000 

650 

1,000 

1.100.000 

690 

1,080 

1.200.000 

730 

1.150 

1.300.000 

770 

1.220 

« 

1,400.000 

810 

1.290 

1,500,000 

850 

1,360 

1,600,000 

890 

1.430 

1.700,000 

930 

1,490 

1.800.000 

970 

1,550 

1.900.000 

1.010 

1.610 

2,000,000 

1.050 

1.670 

21.  Wire  Measurements. — The  units  for  measuring  wire  are  the  foot,  mil,  and  circular  mil. 
The  mil  is  Kooo  inch  and  is  used  in  measuring  diameter  of  electrical  conductors.  The  circular 
mil  is  the  area  of  a  circle  one  mil  in  diameter  Since  areas  of  circles  are  to  each  other  as  the 
squares  of  their  diameters,  the  area  of  any  circular  cross  section  in  circular  mils  is  equal  to  the 
square  of  the  diameter  in  mils.  Thus  a  wire  of  Ko-in.  diameter  has  a  cross-sectional  area  of 
100  X  100  =  10,000  cir.  mils.  To  facilitate  the  determination  of  the  proper  size  of  wire,  tables 
have  been  prepared  giving  the  gage  numbers,  diameter,  crossHsectional  area,  resistance  per  1000 
ft.  at  different  temperatures  and  other  data  depending  upon  the  completeness  of  the  tables. 
A  practical  table  is  the  following: 
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WoBEiNQ  Table — Standabd  Anneaxed   Coppsb  Wms 

English  Units,  American  Wire  Gage  (B.  A  S.) 


r\*             A_      • 

Cross  section 

Ohms  per 

1000  feet 

V^                1 

Gage  No. 

Diameter  in 
mi]B 

Circular  mils 

Square  inches 

25«»C. 

(-  77*  i.) 

65*»  C. 
(-  149**  F.) 

Pounds  per 
1000  feet 

0000 

460.0 

212.000.0 

0.166  ^ 

0.0500 

0.0577 

641.0 

000 

410.0 

168,000.0 

0.132 

0.0630 

0.0728 

508.0 

00 

365.0 

133,000.0 

0.105 

0.0795 

0.0918 

403.0 

0 

325.0 

106.000.0 

0.0829 

0.100 

0.116 

319.0 

1 

289.0 

83,700.0 

0.0657 

0.1^6 

0.146 

253.0 

2 

258.0 

66.400.0 

0.0521 

0.159 

0.184 

201.0 

3 

229.0 

52,600.0 

0.0413 

0.201 

0.232 

159.0 

4 

204.0 

41,700.0 

0.0328 

0.263 

0.293 

126.0 

5 

182.0 

33,100.0 

0.0260 

0.320 

0.369 

100.0 

6 

162.0 

26,300.0 

0.0206 

0.403 

0.465 

79.5 

7 

144.0 

20,800.0 

0.0164 

0.508 

0.587 

63.0 

8 

128.0 

16,500.0 

0.0130 

0.641 

0.740 

50.0 

9 

114.0 

13.100.0 

0.0103 

0.808 

0.933 

39.6 

10 

102.0 

10,400.0 

0.00815 

1.02 

1.18 

31.4 

11 

91.0 

8,230.0 

0.00647 

1.28 

1.48 

24.9 

12 

81.0 

6.530.0 

0.00513 

1.62 

1.87 

19.8 

13 

72.0 

5,180.0 

0.00407 

2.04 

^     2.36 

15.7 

14 

64.0 

4.110.0 

0.00323 

2.58 

2.97 

12.4 

15 

67.0 

3.260.0 

0.00256 

3.25 

3.75 

9.86 

16 

51.0 

2,580.0 

0.00203 

4.09 

4.73 

7.82 

17 

ip.O 

2,050.0 

0.00161 

5.16 

5.96 

6.20 

18 

40.0 

1.620.0 

0.00128 

6.51 

7.52 

4.92 

19 

36.0 

1,290.0 

0.00101 

8.21 

9.48 

3.90 

20 

32.0 

1.020.0 

0.000802    • 

10.4 

12.0 

3.09 

21 

28.5 

810.0 

0.000636 

13.1 

15.1 

2.45 

22 

25.3 

642.0 

0.000505 

16.5 

19.0 

1.94 

23 

22.6 

509.0 

0.000400 

20.8 

.     24.0 

1.54 

24 

20.1 

404.0 

0.000317 

26.2 

30.2 

1.22 

25 

17.9 

320.0 

0.000252 

33.0 

38.1 

0.970 

26 

15.9 

254.0 

0.000200 

41.6 

48.1 

0.769 

27 

14.2 

202.0 

0.000158 

52.5 

60.6 

0.610 

28 

12.6 

160.0 

0.000126 

66.2 

76.4 

0.484 

29 

11.3 

127.0 

0.0000995 

83.5 

96.4 

0.384 

30 

10.0 

101.0 

0.0000789 

105.0 

122.0 

0.304 

31 

8.9 

79.7 

0.0000626 

133.0 

153.0 

0.241 

32 

8.0 

63.2 

0.0000496 

167.0 

193.0 

0.191 

33 

7.1 

50.1 

0.0000394 

211.0 

244.0 

0.152 

34 

6.3 

39.8 

0.0000312 

266.0 

307.0 

0.120 

35 

5.6 

31.5 

'       0.0000248 

336.0 

387.0 

0.0954 

86 

5.0 

25.0 

0.0000196 

423.0 

489.0 

0.0757 

37 

4.5 

19.8 

0.0000156 

533.0 

616.0 

0.0000 

38 

4.0 

15.7 

0.0000123 

673.0 

777.0 

1            0.0476 

39 

8.6 

12.5 

0.0000098 

848.0 

980.0 

0.0377 

40 

.     3.1 

9.9 

0.0000078 

1070.0 

1240.0 

0.0299 

$2 
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22.  Calculation  of  Voltage  Drop.  --The  resistance  of  any  conductor  is  given  by 

12-  ''^ 

in  which  r  is  the  resistance  of  a  wire  of  unit  length  and  unit  cross  section  (these  units  are  usually 
one  foot  and  one  circular  mil),  I  is  the  length  of  the  conductor  in  feet,  and  A  its  cross  section  in 
circular  mils.     For  copper  conductors  at  a  temperature  of  25  deg.  C.  or  77  deg.  F.,  r  is  10.5  ohms. 

Er 

By  Ohm's  law,  R  «=  -j-,  in  which  Er  is  the  voltage  drop  when  a  current  of  I  amperes  is  flowing. 

Substituting  -j  for  R  we  have  -j-  =     \    ,  and  Er  —  — -7 —    That  is,  the  voltage  drop  is  equal 

to  10.5  times  the  product  of  the  current  in  amperes  and  length  of  wire  in  feet  divided  by  the 
cross-sectional  area  of  the  conductor  in  circular  mils. 

The  total  length  of  wire  in  a  circuit  is  usually  twice  the  distance  between  the  point  where 
the  energy  is  generated  and  where  it  is  utilized.     The  circuit  voltage  drop  is  then 

_        10.5/  X  21 

^' A        ' 

where  I  is  the  distance  one  way. 

In  case  the  permissible  voltage  drop  and  current  are  known,  then  the  sise  of  wire  that 
may  be  used  is  obtained  by  solving  the  above  equation  for  A,  thus 

10.5  X  21 


Again  it  may  be  desirable  to  know  the  permissible  current  for  a  given  line  drop.     Solvin 
for  I  we  have 

,  AEr 

^  "  "21^ 
In  a  similar  manner  the  length  of  wire  for  a  given  line  drop  and  size  of  wire  is  given  by 

^      10.51 
The  length  of  circuit  is  plainly 

AEr 


T 


I     = 


21/ 


The  total  current  in  a  circuit  may  be  found  by  adding  the  watts  consumed  at  each  outlet  and 
dividing  this  sum  by  the  prescribed  voltage  at  each  outlet.     Thus 

/  ^  Watts 
volts 

Er 

The  line  drop  Er  is  always  some  proportionate  part  of  the  line  voltage  E,  and  the  ratio  ^  may 
be  expressed  as  a  percentage  of  the  line  voltage.     Thus  line  voltage 

p  -  1^  X  100,  whence  Er  «-^ 

Sometimes  it  is  desirable  to  determine  the  proper  size  of  wire  in  terms  of^the  power  transmitted. 
This  can  readily  be  done  as  follows:  In  d.-c.  circuits  the  power  is  given  by 

W  --  I  XE 
But 

.        10.5  X  12/ 

^ — Er~ 

Hence 

10.5X7  X^2Z       10.5X172 


ErXE  ErE 

If  the  power  W  is  expressed  in  kilowatts,  it  will  have  to  be  multiplied  by  1000  to  reduce  it 
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to  watts  before  substituting  in  above  equation.     For  convenience  of  reference  the  foregoing 
formulas  are  collected  together  as  follows: 

B  -  y'  (1) 

Br  -   IM^  (2) 

A  -  iO^ili!  (3) 

I  .        ^^^  (4) 

10.5  X  2/  ^^ 

.        10.5  If  X  2t  tii\ 

^ b7b  ^®^ 

The  letteis  in  the  above  formulas  have  the  following  Bignificanoe: 
A  ■■  rise  of  wire  in  circular  mils. 
B  "  voltage  of  circuit. 
Br  -•  line  drop  in  volts  (voltage  drop)  due  to  resistance. 

/  «■  current  flowing  in  wire  in  amperes. 

I  —  length  of  circuit  or  line  (one  wire)  in  feet. 
21  "■  total  length  of  wire  in  feet. 

9  *■  voltage  drop  in  per  cent  of  line  voltage. 
R  "  resistance  of  wire  in  ohms. 
W  -  total  watts  delivered. 

Illoatrative  Problem.— Given  a  current  of  125  amperes  and  a  line  drop  of  8  volts,  determine  the  resbtance 
of  the  line. 

«- T  -  ii« -"•»«* »'"" 

ninatratiTe  Problem. — A  circuit  4(X)  ft.  long  is  composed  of  No.  8  wire;  what  will  be  the  drop  when  50  amperes 
are  flowing  through  the  eirouit? 

The  cross-sectional  area  of  No.  8  A.  W.  G.  wire  is  16,500  roils.     Then  by  Formula  (2) 

_         10.5  J  X  2i 

JSr  ■■    


A 

(10.5)  (50)C2)(400) 
16,500 
-  25.5  volts,  nearly. 

ninstratiTe  Problem. — What  should  be  the  cross-sectional  area  of  the  wire  in  the  preceding  problem  if  the 
voltage  drop  is  13.1  volts? 

.       10.5/  X  21 

** bT- 

_  (10.5)  (50)  (2)  (400) 
13.1 
M  32,100  eir.  mils,  nearly. 

Illiutrative  Broblem. — What  current  may  be  delivered  over  a  line  one  mile  long  consisting  of  No.  00  A.  W.  G. 
wire  in  order  that  the  drop  shall  not  exceed  15  volts?     The  cross  section  of  No.  00  wire  is  133,000  cir.  mils. 

ABr 


10.6  X  21 
(133.000)  (15) 
"  (10.5)  (2)  (6280) 

""  18  amperes,  nearly. 

ninatrattve  Problem. — What  is  the  maximum  length  of  circuit  that  can  be  made  with  a  No.  000  A.  W.  G. 
copper  wire  allowing  a  drop  of  25  volts  with  a  current  of  75  amperes?  The  cross  section  of  No.  000  wire  is  IbS.OOO 
cir.  mils. 

ABr 

"21/ 

(168.000)  (25) 

(21)  (75) 
-  2666  ft. 
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IllustntiTe  Problexiu — Giren  a  line  voltage  of  600  volts,  what  is  the  smallest  wire  that  may  be  used  for  a  oir- 
ouit  of  1000  ft.  in  length,  to  carry  60  amperes  at  a  10%  line  loss? 

^'100 
^  (10)  (600) 
100 
»  60  volts 
10.5  I  X2l 

^    "  Wr 

-  (10.5)  (60)  (2)  (1000)    .  2^  ^^.^  ^^^ 
dO 

The  smallest  wire  that  would  be  used  is  No.  6  A.  W.  Q.  which  has  a  cross  section  of  26,300  cir.  mils. 

lUustrative  Problem. — A  two-wire  feeder  must  carry  40  kw.  a  distance  of  400  ft.  with  a  loss  of  5%,  the  volt- 
age between  conductors  being  110  volts.     Find  the  sise  of  conductor. 

"'-^ 

10.5  W  X2l 

(10.5)  (40.000)  (2)  (400)         .«  nnn  .ir  «.«. 
(5.6)  (110) ^'^^  ""•  °**^- 

28.  Center  of  Distribution. — When  service  wires  of  uniform  size  are  to  be  used  for  convey- 
ing energy  to  a  group  of  scattered  lamps,  the  size  of  wire  for  a  prescribed  voltage  drop  and  num- 
ber of  lamps  may  be  determined  by  computing  the  distance  L  to  the  center  of  distribution  of  the 
group  of  lamps  from  the  feeders,  by  the  formula 

^  „  all -^  bit  +  dz -\'  etc. 
a  +  b  •{-  e  +  etc. 

ajbjCj  etc.,  are  the  numbers  of  lamps  in  each  group  and  liyht  9,  etc.,  are  the  distances  of  the 
groups  from  the  service  point. 

Illustrative  Problem. — What  is  the  aistanoe  of  the  center  of  distribution  from  the  service  point  for  the  groups 
of  lamps  125,  140  and  175  ft.  from  the  service  outlet,  the  first  group  consisting  of  50  lamps,  the  second  of 45  lamps 
and  the  third  of  30  lamps? 

a  -\-b  +  e 
a  »  50,  6  -  45,  e  *^  30.     h  -  125,  h  -  140,  1$  «  175. 

Hence 

7   „  (50)  (125)  -f  (45)  (140)  +  (30)  (175) 

50  +  45  +  30 
*-  142.4  ft. 

Illustrative  Problem. — What  must  be  the  sise  of  service  wires  if  the  voltage  drop  is  not  to  eieeed  4  volts  when 
all  the  lamps  are  turned  ou,  each  lamp  taking  0.5  ampere? 

A  -   ^^J^    /  -  (0.5)  (125)  -  62.5  amperes       I  -  142.4  ft.      Br  "  4  volts 

(10.5)(62.6)(2)(142.4)         _  ___    .         ., 
Then  A  —    ^ —  — . =  46.725  cir.  mils. 

4 

24.  Parts  of  a  Circuit. — In  Fig.  9  are  shown  the  different  parts  of  a  distribution  or  supply 
circuit.  The  connection  between  the  point  of  supply  and  the  energy-consuming  device  is 
made  by  means  of  feeders,  mains  and  branches.  The  feeder  is  the  part  of  the  circuit  that 
extends  from  the  switchboard  to  the  first  distributing  center.  The  mains  are  the  supply  lines 
extending  from  the  first  distributing  center  to  panel  boxes  or  secondary  distributing  centers, 
and  branches  or  branch  lines  are  the  parts  of  the  circuit  connecting  the  individual  lamps  or 
motors  to  the  distributing  centers. 

26.  Wiring  Methods. — The  wiring  methods  commonly  used  may  be  considered  under  two 
heads,  concealed  and  open.  The  methods  employed  in  concealed  wiring  are  (1)  rigid  conduit, 
(2)  flexible  conduit,  (3)  armored  cable,  (4)  knob  and  tube. 

26a.  Rigid  Conduit. — For  interior  wiring,  electrical  conduit  is  mild  steel  pipe. 
This  is  connected  by  means  of  suitable  couplings  and  is  installed  so  as  to  make  a  continuous 
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wiie-way  from  outlet  to  outlet.  Wires  are  drawn  into  these  after  the  building  is  completed. 
The  conduit  may  be  run  exposed,  or  concealed  in  the  walls,  between  floors,  or  in  channels  during> 
construction.     The  conduit  system  may  be  used  in  any  kind  of  building,  but  it  is  used  chiefly 

in  buildings  of  fireproof  construc- 
Cd^^ou^^  tion.    In  fact,  no  other  should  be 

•^1*1 — Bllli      I        ill  JJ-/ftw/AwyS|  allowed  in  such  buildings.    Rules 

I   J    I  J  rp><^'|       M; — E  governing  the  installation  of  rigid 

Tl  LJ  conduit   and    for    grounding   the 

same  are  found  in  the  National 
Electrical  Code.     It  may  be  proper 
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SiziB  OF  Conduits  for  the  Installation  of  Wires  and  Cables 

Number  of  Conductors 


One  oonductor 

Two  conductors 

Three  conductors 

Four  conductors 

in  a  conduit. 

in  a  conduit. 

in  a  conduit. 

in  a  conduit. 

Sise  conduit,  in. 

Siie  conduit,  in. 

8ise  conduit,  in. 

Sise  conduit,  in. 

Sise.  B.  A  S. 

Electrical  trade 

'    Electrical  trade 

Electrical  trade 

Electrical  trade 

sue 

sue 

sise 

sise 

14 

• 

H 

K 

H 

12 

H 

H 

K 

K 

10 

H 

H 

K 

1 

8 

H 

1 

1 

1 

6 

H    • 

1 

IK 

IK 

6 

H 

IK 

IK 

IK 

4 

H 

IK 

IK 

IK 

8 

H 

IK 

IK 

IK 

2 

H 

IK 

IK 

IK 

1 

H 

IK 

IK 

2 

0 

1 

IK 

2 

2 

00 

1 

2 

2 

2K 

000 

1 

2 

2 

2K 

0000 

IK 

2 

2K 

2K 

CM. 

200.000 

IK 

2 

2K   .    ' 

2H 

250,000 

IH 

X    2H 

2K 

3 

300,000 

m 

2K 

2K 

3 

400,000 

IK 

3 

3 

3K 

500,000 

IH 

3 

3 

3K 

600,000 

IH 

3 

3K 

700.000 

2 

3K 

3H 

800,000 

2 

3K 

4 

900.000 

2 

3K 

4 

1.000,000 

2 

4 

4 

1.260,000 

2H 

4K 

4K 

1.500,000 

2H 

4K 

5 

1,750,000 

8 

5 

5 

2.000.0UO 

3 

6 

6 
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Fio.  11. 


to  mention,  however,  that  the  two  wires  of  the  same  circuit  should  always  be  drawn  into  the 
came  conduit.     This  is  especially  important  when  the  energy  or  current  supplied  is  alternating. 

Experience  has  shown  what  size  conduit  is  best  suited  for  the  in- 
stallation of  certain  size  conductors.  The  following  table  contains 
this  data  in  tabulated  form.  Sections  of  rigid  conduits  are  shown  in 
Fig.  10. 

25&.  Flexible  Conduit. — Flexible  tubes  are  made  from 
metal  or  non-metallic  material.  To  distinguish  between  the  two,  it  is 
customary  to  designate  the  former  by  the  term  flexible  conduit,  and 
the  latter  by  flexible  tubing  (Fig.  11).  Flexible  conduit  is  made  by 
winding  together  spirally  two  metal  strips  in  such  a  manner  that  they  interlock  at  the  edges 
forming  a  smooth  and  comparatively  frictionless  surface  inside  and  out.  Single  strip  flexible 
conduit  is  also  on  the  market.  The  advantages  claimed  for  this  metal  tube  are  flexibility, 
continuity,  mechanical,  strength  and  ventilation. 

For  Biies  not  greater  than  No.  10  B.  A  S.  gage,  one  more  conductor  than  permitted  by  the  above  tabtc  may  be 
nstalled  in  the  apecified  conduit,  provided  the  conduit  ia  not  longer  than  30  ft.,  and  has  not  more  than  the  equiv*- 
lent  of  two  quarter  benda  from  outlet  to  outlet,  the  benda  at  the  outlets  not  being  counted. 

Conductor  Convbrtiblb  System 


Sixe  of  conductors 

Sise  conduit,  in. 

B.  &  8.  gage 

Electrical  trade  aise 

two           14  and  one               10 
two            12  and  one                 8 
two           10  and  one                 6 
two             8  and  one                4 
two            6  and  one                2 
two             5  and  one                1 
two             4  and  one                0 
two             3  and  one              00 
two             2  and  one            000 
-    two             1  and  one         0,000 
two             0  and  one     250.000 
two           00  and  one     350,000              • 
two         000  and  one     400,000 
two      0,000  and  one     550,000 
two  250.000  and  one     600,000 
two  300.000  and  one     800,000 
two  400,000  and  one  1,000,000 
two  500,000  and  one  1,250,000 
two  600.000  and  one  1,500,000 
two  700,000  and  one  1,750,000 
two  800,000  and  one  2.000,000 

H 

Va 

1 

1 

IK 

IVa 

m 

IH 

2 

2 

2H 
3 
3 
3 

3H 
4 

4 

4H 

4H 

NoTB. — Where  special  permission  has  been  given  the  following  table  may  apply. 


Single  Conductor  Combination 


No.  of  wires 

10  No.  14  R.  C.  solid. 
18  No.  14  R.  C.  solid. 
24  No.  14R.C.  solid. 
40  No.  14  R.  C.  solid. 
74  No.  14  R.  C.  solid. 
00  No.  14  R.  C.  solid. 


Sise  conduit,  in. 
Electrical  trade  siae 
1 
IVa 

2 

2H 
3 


The  flexibil'ty  of  the  conduit  permits  its  use  in  many  places  where  the  use  of  rigid  conduit  is  impr«ctical 
On  this  account  it  is  used  mostly  in  buildings  where  it  is  desired  to  run  electric  circuits  after  the  oompletioa  of  the 
building. 


ec  6-25cI  ELECTRICAL  EQUIPMENT 

ffhers  the  fint  ocat  of  an  intalUtion  mint  be  kept  kt »  miDiinain.  and  y«t  •bare  k  aafe  knd  more  p 
rioc  thuD  the  IcDob  end  tube  Byilem  ia  required,  the  flexible  conduil  amy  be  edvantageouily  used, 
s  ml?*  fovpTD  the  InatalU^on  of  Qo^le  mbdult  tbmt  apply  in  the  oiae  of  ri^id  conduit. 


Theai 


iroro^ 


f 


•     SSc  Armored  Cable. — The  caeing  ot  an  armored  cable 

is  very  similar  to  the  flexible  conduit  juat  explained.     Sleel  armored 

cable  is  diatinguiahed  from  flexible  conduit  by  having  the  conduit 

made  over  the  conductors  so  tliat  both  conduit  abd  conductor  may    H^BC^^S^^XT^^ 

be  installed  at  the  same  time.     Fig.  12  shows  the  general  appearance 

of  such  a  cable.     In  certain  cases,  specified  in  the  code,  the  cable 

must  have  a  lead  covering  placed  between  the  outer  braid  of  the  conductors  and  the  steel  armor. 
2U.  Flexible  Tubing. — Flexible  tubing  is  distinguished  from  flexible  conduit  in 

that  the  tube  is  made  of  fibtoua  material.  Flexible  tubing  is  used  mainly  in  conjunction  with 
knob  and  tube  work  in  places  where  the  knobs 
or  tubes  do  not  furnish  sufficieut  protection  and 
where  the  rules  require  additional  safeguards. 
As  a  separate  method  of  wiring,  the  flexible  tube 
very  little  used,  and  its  use  in  place  ot  the 
other  methods  mentioned  should  be  dis- 
couraged. 

SSe.  Knob  and  Tube  Wiring. — 
The  most  common  method  of  wiling  for  frame 
buildings  during  the  process  of  construction  is 
the  knob  and  tube  method.  As  the  name  indi- 
cates, the  wires  are  run  on  knobs,  and  where 
they  pass  through  timbers,  additional  insulation 
is  provided  by  porcelain  tubes.  In  this  method 
of  wiring  the  conductors  are  run  concealed  be- 
tween floors  and  partitions;  when  the  conduc- 
tors run  parallel  to  the  joiaU  and  in  vertical 

runs,  knobs  attached  to  the  timbers  by  screws,  or  nails  and  leather  heads  are  used;  and  where 

the  conductors  pass  through  partitions  or  timbers,  tubes  are  first  inserted.     Fig. 13  shows 

the  general  appearance  of  a  knob  and  tube  installatioo.  _ 

Solid  knobs  were  formerly  used  exclusively  but  have  been 

almost  entirely  displaced  by  split  knobs  sucb  as  are  shown  in 

Fig.  14,  in  which  is' also  shown  a  porcelain  tube  and  cleat. 
36.  Protection  of  Circuits. — The  energy  is  supplied  to  the 

building  by  two-  or  three-wire  service  mains.     At  the  point  of 

entrance,  or  as  near  as  possible  at  the  point  of  entrance,   and 

inside  of  the  walls,  automatic  cut^iuts  must  be  installed  and 

arranged,  to  cut  off  the  entire  current  from  the  building. 

Hcse  cut-outs  may  be  fuses  or  automatic  circuit  breakers.     The 

kind  of  cut-out  to  install  in  any  case  will  depend  upon  the  load 

supplied.     The  rated   capacity  of  fuses  must  not  exceed  the 

allowable  current  carrying  capacityspecified  in  tableau  p.  1296. 

Circuit  breakers  must  not  be  set  for  more  than  30%  above  the 

allowable  carrying  capacity  of  the  wire  unless  a  fusible  cut-out 

is  also  installed  in  the  circuit. 

Z7.  Foses. — A  fuse  is  a  relatively  short  piece  of  wire  or 

conductor,  of  relatively  low  melting  point,  whose  current  carry- 
ing capacity  is  less  than  that  of  the  circuit  in  which  it  ia  placed. 

By  combining  tin,  bismuth,  and  lead  in  proper  proportioi 

which  will  melt  at  low  temperatures.     Wires  c 


Pio.  13. 


it  is  possible  to  make  alloys 
1  strips  made  from  these  alloys  are  soldered 
between  copper  terminals  and  used  for  fuses.  The  greater  thocurrent  carrying  capacity  of  the 
fuse,  the  longer  is  the  time  required  for  its  operation  at  a  given  overload. 
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In  selecting  the  proper  size  of  fuses  to  protect  any  apparatus,  the  time  element,  as  ex- 
plained above,  should  be  considered  in  connection  with  the  smallest  current  likely  to  prove 
dangerous. 

Since  all  motors  are  required  to  carry  momentary  overloads,  fuses  with  a  comparatively 
long-time  lag  are  well  suited  for  their  protection.     The  capacity  of  the  fuse  is  usually  equal  to 

Puss    AND  Wire  Sizbs  for  Induction  Motors  of  Squirrei^k^agb  Ttpb  or  Similar 

Types  Taking  Large  Starting  Currents 
Iin>nCTION  MOTORS— SINGLE  PHASE— AU  Frequencies  and  Standard  Speeds 


Hp. 

Full  load  amps. 

Starting  fuse  amps. 

Running  fuse  amps. 

Siseof 
Rubber  oi 

vrire  or  cable. 
'  other  insulation 

> 

• 

> 

• 

> 

> 

> 

• 

> 

* 

> 

> 

> 

> 

• 

> 

• 

> 

• 

> 

> 

o 

^4 

i 

o 

i 

o 

3 

1 

o 

i 

1 

1 

o 

§ 

o 

iO 

0.5 

6.8 

3.4 

1.7 

1.3 

20 

10 

5 

5 

10 

5 

5 

5 

14 

14 

14 

14 

1.0 

13.3 

6.6 

3.3 

2.4 

35 

20 

10 

5 

15 

10 

5 

5 

8 

14 

14 

14 

2.0 

24.8 

12.4 

6.2 

4.9 

65 

35 

20 

15 

30 

15 

10 

5 

6 

8 

14 

14 

3.0 

36.0 

.18.0 

9.0 

7.2 

75 

45 

30 

25 

40 

20 

15 

10 

4 

8 

10 

12 

5.0 

58.4 

20.2 

14.6 

13.8 

120 

70 

40 

30 

65 

36 

20 

15 

2 

6 

8 

10 

7.6 

85.2 

42.6 

21.3 

17.1 

170 

85 

55 

45 

95 

45 

26 

20 

0 

4 

6 

8 

10.0 

110.0 

55.0 

27.5 

22.4 

220 

110 

70 

60 

120 

60 

30 

25 

00 

2 

6 

6 

15.0 

162.0 

81.0 

40.5 

33.0 

325 

165 

80 

70 

180 

90 

45 

35 

211.600 

0 

4 

6 

20.0 

208.0 

104.0 

52.0 

42.6 

400 

200 

110 

85 

230 

115 

60 

45 

300,000 

0 

2 

4 

25.0 

258.0 

129.0 

64.5 

51.6 

500 

260 

135 

100 

280 

140 

70 

60 

400.000 

000 

1 

2 

30.0 

304.0 

152.0 

76.0 

61.0 

600 

300 

150 

125 

335 

170 

85 

70 

500,000 

200.000 

0 

2 

35.0 

356.0 

178.0 

89.0 

70.0 

710 

360 

180 

140 

380 

190 

100 

80 

650,000 

300.000 

0 

1 

40.0 

400.0 

200.0 

100.0 

80.0 

800 

400 

200 

160 

440 

220 

110 

90 

750,000 

300,000 

0 

0 

50.0 

492.0 

246.0 

123.0 

90.0 

980 

590 

250 

200 

5-iO 

270 

135 

110 

1.000,000 

500.000 

000 

0 

[NDUCTION  MOTORS— TWO  PHASE— FOUR  WIRE— All  Frequencies  and  Standard 

Speeds 


Hp. 


Full  load  amps.  * 


o 


o 

C4 


> 

s 


Starting  fuse  amps. 


C4 


o 


lO 


Running  fuse  amps. 


o 


;> 

o 


o 


Sise  of  wire  or  cable. 
Rubber  or  other  insulation 


0.5 

1.0 

2.0 

3.0 

5.0 

7.5 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

40.0 

60.0 

60.0 

75.0 

100.0 

150.0 

200.0 

250.0 

300.0 


3.1 

6.0 

11.0 

14.7 

28.6 

38.8 

50.2 

73.4 

95.0 

118.0 

138.0 

162.0 

182.0 

224.0 

268.0 

332.0 


1. 
3. 
5. 
7. 
14. 
19. 
25. 
36. 
47. 
59 
69 
81 
91 
112 
134 
166 
218 
320 
418 
515 
615 


0 
1 
2 
3 
7 
9 
12 
18 
23 
29 
34 
40 
45 
56 
67 
83 
109 
100 
0I209 
o!267 
0l307 


.8 
.5 
.8 
.6 
.1 
.7 
.5 
.3 
.7 
.5 
.5 
.5 
.6 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


10 

15 

30 

40 

70 

80 

100 

150 

190 

240 


0.6 

1.1 

2.2 

3.2 

5.3 

7.8 
10.8 
15.0 
19.5 
23.4 
27. 6' 280 
32.0|320 

36.4  360 
45.0;450 
53.5:540 

66.5  660 
87.5' 

128. 0| 
169. 0! 
207.  Ol 
246.0 


5 
10 
16 
25 
35 
50 
65 
76 
95 
120 
140 
160 
180 
225 
270 
330 
440 
640 
830 
1030 
1230 


5 

6 

10 

15 

20 

30 

35 

45 

60 

70 

75 

80 

90 

110 

135 

170 

220 

320 

420 

500 

600 


5 

6 

5 

10 

15 

20 

30 

40 

50 

60 

65 

70 

75 

90 

110 

130 

175 

260 

340 

400 

500 


5 

10 

15 

20 

30 

46 

55 

80 

110 

130 

150 

190 

200 

245 

290 

365 


5 

5 

5 

6 

10 

5 

10 

5 

20 

10 

26 

15 

30 

15 

40 

20 

60 

30 

65 

35 

75 

40 

90 

45 

100 

50 

125 

60 

150 

75 

180  J 

90 

240 

120 

350 

176 

450 

230 

560 

280 

675 

340 

5 

5 

5 

5 

10 

10 

15 

20 

25 

30 

30 

35 

40 

50 

60 

75 

95 

140 

185 

230 

270 


> 

> 

• 

> 

• 

> 

0 

0 

14 

14 

14 

14 

14 

14 

10 

H 

14 

8 

10 

14 

6 

8 

12 

4 

8 

10 

12 

2 

6 

8 

10 

1 

4 

8 

8 

0 

2 

6 

8 

000 

2 

6 

6 

200,000 

1 

4 

6 

211.600 

0 

4 

6 

300,000 

0 

4 

4 

350,000 

00 

2 

4 

450.000 

000 

1 

2 

600,000 

211.600 

0 

1 

350,000 

00 

0 

550.000 

211,600 

000 

800.000 

350.000 

300.000 

1,100,000 

400.000 

300,000 

1.400,000 

500.000 

400,000 

*  Value  of  current  in  common  wire  for  a  two-phase  three- wire  system  would  be  1.41  times  value  given. 
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INBUCTION  MOTORS— THREE  PHASE— All  Frequencies  «nd  Standard  Speeds 


Full  load  amps. 

Starting  fuse  amps. 

Running  fuae  amps. 

Sue  of  wire 

or  cable. 

H.p. 

Rubber  or  other  insulation         | 

• 

> 

• 

> 

> 

> 

> 

• 

> 

• 

> 

> 

* 

> 

> 

> 

• 

> 

• 

> 

>" 

• 

> 

o 

g 

s 

s 

o 

^4 

i 

o 

s 

o 

^4 

S 

o 

8 

o 

^4 

s 

s  • 

s§ 

^ 

^ 

^ 

>o 

^4 

^ 

«o 

^4 

04 

^ 

•o 

iH 

CI 

^ 

•o 

0.5 

3.6 

1.8 

0.0 

0.7 

10 

5 

5 

5 

10 

5 

5 

5 

14 

14 

14 

1.0 

7.0 

3.5 

1.75 

1.3 

20 

10 

5 

5 

10 

5 

5 

5 

14 

14 

14 

2.0 

13.0 

6.5 

3.25 

2.6 

30 

20 

15 

10 

15 

10 

5 

5 

10 

12 

14 

3.0 

10.0 

9.5 

4.75 

3.8 

50 

30 

20 

10 

25 

15 

10 

5 

8 

10 

14 

14  * 

5.0 

30.8 

15.4 

7.7 

6.2 

70 

40 

25 

15 

35 

20 

10 

10 

6 

8 

12 

7.5 

44.8 

22.4 

11.2 

9.0 

90 

60 

30 

25 

50 

25 

15 

15 

4 

6 

10 

12 

10.0 

58.0 

29.0 

14.5 

11.8 

120 

70 

40 

30 

65 

35 

20 

15 

2 

6 

8 

10 

15.0 

85.0 

42.5 

21.2 

17.4 

170 

85 

50 

40 

95 

45 

25 

20 

0 

4 

8 

8 

20.0 

110.0 

55.0 

27.5 

22.5 

220 

110 

60 

55 

120 

60 

30 

25 

00 

2 

6 

6 

25.0 

136.0 

68.0 

34.0 

27.0 

270 

140 

70 

65 

150 

75 

40 

30 

000 

1 

6 

6 

30.0 

160.0 

80.0 

40.0 

32.0 

320 

160 

80 

70 

175 

90 

45 

35 

211,600 

0 

4 

6 

35.0 

188.0 

94.0 

47.0 

37.0 

375 

190 

100 

76 

210 

110 

50 

40 

300,000 

0 

2 

4 

40.0 

210.0 

105.  <^ 

52.5 

42.0 

420 

210 

110 

85 

230 

115 

60 

45 

350.000 

00 

2 

4 

50.0 

260.0 

130.0 

65.0 

52.0 

520 

260 

125 

110 

285 

145 

70 

60 

450.000 

000 

1 

2 

60.0 

310.0 

155.0 

77.5 

62.0 

620 

310 

160 

125 

340 

170 

85 

70 

550.000 

211.600 

0 

2 

75.0 

384.0 

192.0 

80.0 

77.0 

770 

390 

176 

160 

420 

210 

95 

85 

750.000 

300.000 

0 

0 

100. 0 

252.0 

126.0 

101.0 



500 

250 

200 

280 

140 

110 

400.000 

000 

0 

150.0 

368.0 

184.0 

148.0 

730 

370 

300 

410 

200 

160 

700.000 

300.000 

200,00( 

200.0 

484.0 

242.0 

195.0 

•  •   •   • 

920  480 

390 

530 

265 

215 

900.000 

400,000 

300.00( 

250.0 

595.0 

287.0 

240.0 

1200  570 

480 

650 

315 

265 

1.300.000 

500.000 

400.00( 

300.0 

710.0 

355.0 

285.0 

1420  710 

570 

780 

390 

315 

1.600.000 

650.000 

500.00Q 

the  full-load  current  of  the  motor,  and  the  momentary  overload  of  50%  will  not  open  the  fuse 
nor  will  it  do  any  damage  to  the  motor.  If  the  overload  continues,  the  fuse  will  open  the  circuit 
before  any  damage  can  be  done  to  the  motor. 

For  protecting  alternating-current  motors,  fuses  are  not  so  well  adapted.  The  reason  for  this  is  that  the 
alternating-current  motors  take  excessive  current  on  starting.  When  the  motor  has  reached  full  8i>eed,  the  cur- 
rent is  very  much  reduced.  Thus,  f usss  whose  current-carrying  capacity  is  equal  to.  the  full-load  current,  will  open 
the  circuit  upon  starting  and,  if  the  capacity  of  the  fuse  is  sufficiently  large  to  carry  the  starting  current,  it  will 
not  protect  the  motor  in  case  of  a  long-continued  overload.  One  way  of  overcoming  this  difficulty  is  to  use  two 
sets  of  fuses  in  parallel;  one  set  of  fuses  having  a  capacity  equal  to  the  starting  current  and 
the  otb^  equal  to  the  running  current.    Each  set  of  fuses  should  be  cut  in  or  out  by  means  of  //hsf  m»v 

a  separate  switch.  On  starting,  the  switch  in  series  witn  the  "running"  set  of  fuses  should 
be  open,  and  closed  after  the  motor  has  come  up  to  speed,  when  the  other  switch  is  opened. 
When  such  an  arrangement  is  used,  a  much  better  protection  is  given  to  the  motor. 

The  tables  given  above  prepared  by  a  committee  of  the  Western  Association  of  Electrical 
Inspectors  give  the  horsepower  rating,  full-load  current,  sise  of  starting  fuses,  and  sises  of  wire 
for  a.-c.  motors  of  the  induction  type  of  all  frequencies,  standard  speeds  and  standard  volt 
ages.  Rules  of  the  National  Electrical  Code  were  taken' into  itccount  in  the  preparation  of 
these  tables.  The  sssumption  is  made  that  the  motors  are  to  be  started  under  full  load  and 
that  starting  ileviccs  are  used  on  motors  larger  than  5  hp.  The  question  of  voltage  drop  has  not  been  taken  into 
consideration. 

A  standard  guarantee  of  25%  overload  for  2  hr.  has  been  adopted  by  the  American  Motor  Manufacturers' 
Association  and  this  excess  current  should  be  taken  care  of  in  the  design  of  leads  and  attxiliary  appvatuB  for  motors. 
Some  motors  used  for  intermittent  service  require  an  overloa<l  capacity  of  200  %  for  a  short  period  of  time  and  the 
motors  should  be  fused  accordingly.  For  ordinary  motors  coming  under  the  above-mentioned  guarantee,  fuses 
rated  At  25%  above  the  normal  full-load  current  of  the  motor  should  be  used  which  will  insure  the  opening  of  the 
circuit  at  approximately  50%  overload.  Fuses  rated  at  60%  more  than  the  normal  30*min.  current  rating  should 
be  used  on  motors  of  intermittent  rating,  such  as  variable  speed  motors. 

27a.  Enclosed  Fuses. — The  first  enclosed  fuse  was  that  designed  by  Edison  some 
30  years  ago.  In  its  present  form  the  Edison  plug  fuse,  as  it  is  called,  consists  of  a  hollow  porce- 
lain plug  on  the  lower  outside  part  of  which  is  a  threaded  brass  ring.  One  end  of  the  fuse  wire  is 
fastened  to  this  ring  and  the  other  end  passes  through  the  bottom  of  the  plug  and  is  soldered  to  a 
small  brass  cap.    To  prevent  the  escape  of  the  hot  metal  when  the  fuse  blows,  the  plu;  is 
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closed  by  a  piece  of  mica  held  in  place  by  a  brass  rii^.  The  rating  of  the  fuM  is  mariced  both 
on  the  small  cap  at  tip  of  plug  and  oa  the  ring  which  holds  the  mica  in  place.  The  appearance 
o(  this  type  of  enclosed  fuse  is  shown  in  Fig.  15.  Although  this  plug  was  brought  out  some  30 
years  a^o,  it  is  undoubtedly  used  to  a  greater  extent  today  than  any  other  form  of  enclosed  fuse, 
especially  on  house  lighting  circuitj^. 

STi>.  Cartridge  Fuses. — When  the  220-volt  system  came  into  use,  it  waa  soon 
discovered  that  the  operation  of  the  Edison  plug  fuse  was  very  unsatisfactory  and  the  enclosed 
cartridge  fuse  was  designed.  The  cartridge  fuse  consists  ot  a  piece  of  lino-aluminum  fuse  wire 
enclosed  in  an  insulating  tube,  usually  of  vulcanized  fiber,  paper  or  similar  material.  The  fuse 
wire  is  surrounded  by  an  inert,  nonconducting  material  resembling  chalk.  The  ends  of  the 
fuse  are  attached  to  copper  caps  which  fit  over  the  ends  of  the  fiber  tube.  Fig.  16  shows  the 
arrangement  of  the  various  parts.  When  a  fuse  of  this  type  ia 
blown,  the  formation  of  an  arc  is  prevented  by  the  filling  within 
the  tube.  In  most  cases,  this  prevention  b  purely  mechanical, 
but  in  some  makes  of  cartridge  fuses,  there  is  a  chemical  action 
between  the  filling  material  and  melted  fuse;  in  other  cases  a 
small  air  chamber  surrounds  the  fuse  wire,  as  shown  in  Fig. 
IS.  Experience  and  testa  have  shown  that  the  cartridge  type 
of  fuse  is  far  more  accurate  and  fuses  melt  more  nearly  at  the 
proper  point  than  any  other  type  of  fuse.  Some  other  ad- 
vantages ale  its  ease  in  manipulation,  range  of  volt^e,  and 
freedom  from  the  influence  of  ^r  currents. 

I  aod  tst  Tequiremmta  have  been  pnpucd  for  290-  and  eOO-Tott  fuxa.  T1i«m  require- 
^atiooal  Electric  Code.  The  dimciuioDi  of  fuK*  hava  baen  onfuUr  workrd  out  sod 
D  make  them.  SUndard  lum  are  now  made  by  ail  the  principal  fuH  manufHturen  and 
I  National  ElnHiic  Code  atandard  fuae  bloeka  of  comsponding  capadtr.  Thn  time  of 
IB  tnd  particularly  thoM  smaller  tbaa  tbe  atandard  ahould  bs  diacouragcd. 

d  fiuci  into  claaaa  acDardioB  to  the  Toltaie  and  ampere  capadtr  and 
that  a  sivco  luae  can  be  uied  only  in  a  fuic  block  of  iti  clan.     Tbe  fuM 
vorload  indeSnilely  and  will  opci^  at  29  %  ovrrload. 
I  up  to  00  ampera  capaeit;  and  knife-blads  cont»eta  an  thoae  of  larser 


.'nnv^m/fMn}   ^re^ 


Tbe  National  Code  < 

The  ferrule  contact  la 
capacity.     Fie.  1?  ahowa  I 


leblocl 


^'arious  ways.     If  the  voltage  b  taken  as  the 
voltage  and  high-voltage  switches.    With  reference  lo 


Sa.  Switches. — Switches  may  be  cl 
basis  of  classification,  we  have  the  low-v 
their  construction  and  operation  they 
may  be  classified  as  knife,  snap,  push 

button;  if  the  basis  of  our  classifica-  M^^^^fc, 

tion  is  the  number  of  line  wires  that  ^J^^^^SB 

can  he  opened  and  closed  by  tbe  open- 
ing and  closing  of  the  switch,  we  have 
the  single-pole,  double-pole,  triple- 
pole,  etc.,  switches.    Again  switches 

may  be  single  throw  (S.  T.)  and  double  throw  (D.  T.)  depending  upon  the  number  of 
ways  in  which  they  can  be  closed.  The  distinction  between  knife,  snap,  and  push  button 
switches  needs  no  extended  discussion.  Single<pole,  double-pole,  and  triple-pole  switches  are 
distinguished  from  each  other  by  the  number  of  line  wires  that  can  be  opened  or  closed  at  once. 
Thus  a  single-polc  switch  van  be  used  in  only  one  wire  of  a  circuit;  a  two-pole,  in  two  wires;  a 
three-pole,  in  three  wires.  Singlc-pole,  double-pole,  and  three-pole  switches  are  represented  in 
Figs.  18,  19,  and  20  respectively.  A  double-pole  double-throw  snitch  is  shown  in  Fig.  21.  A 
double-pole  double-throw  switch  differs  from  a  single-throw  switch  in  that  two  circuits  may  be 
successively  connected  by  it  t^i  the  same  supply  circuit,  or  if  cross  connected,  the  direction  of 
the  current  may  be  reversed.  Snap  and  push  button  switches  are  made  both  single  and  double 
pole,  but  never  double  throw.  Knife  switches  must  be  installed  in  such  a  manner  that  gravity 
will  not  tend  to  close  the  switch,  and  both  switch  and  receiving  circuit  must  be  protected  by 
fuses  or  some  other  form  of  "cut-out."     The  switch  should  be  so  connected  that  when  it  is 
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open  the  blades  are  dead.  A  good  method  of  connecting  a  service  switch  to  the  line  is  shown  in 
Fig.  22.  The  figure  shows  Edison  plug  fuses  in  the  mains.  It  is  also  clear  that  when  the  switch 
is  opened,  the  blades  are  disoonnected  from  the  mains  and  can  safely  be  handled.  It  is  advisable 
to  connect  a  knife  switch  in  this  manner  whenever  possible.  Some  knife  switches  are  pwvided 
with  an  extra  set  ot  jaws  to  which  the  line  circuit  is  connected.  On  such  a  switch  the  hinge 
joints  are  never  connected  to  the  circuit. 

Msntian  wu  m>d«  above  of  the  pOMlbillty  of  conUalliDs 
lifbta  f rom  two  pf^nt*  by  muu  of  tfaree^wky  iwitGh^i.  The 
outDoer  ID  wbieb  thii  ia  dons  will  pcrbspa  be  undrntood 
beat  by  reference  to  Fl|.  S3.     Tbit  u  *  atand&rd  diaBT*m 


eonoecled  to  «  and  i*  to 
eiUier  1  and  : 
tfaem.     Thrai 


for  tfaree-way  awitcb  conneetbn.     Aaaumina  the  nwitche*  to  be  turned  u  indicated  by  full  lion— that  it.  3 
M  flow  tbrouih  tbe  lampa.     It  *eithor  awitcb  be  turDcd  ■«  that 
'  and  3*  are  connected,  the  lamps  wilt  light,  and  then  turnini  cither  aKiteh  again  will  diii^oDiiMit 
'  Bwitchn  a»  conaidered  w  aiailc-pole  iwitcbci  and  muat  be  wired  lo  that  only  one  pole  of  tbe 
eircDit  ia  carried  to  either  twitch. 

If  it  is  deaired  to  control  the  lighta  from  more  than  two  poinU.  ■  fouioay  iwitch  muat  be  naed  at  each  addt- 
ti«ul  point.  A  diairam  ot  eonnectioua  ia  ahonn  in  Fig.  24.  If  tbe  iwitches  arc  turned  as  indicated  in  diiKram, 
the  lamps  will  l>e  dark.  Turninc  either  awitcb  will  cauie  them  to  light  up.  Three-way  and  four-way  iwitrhf* 
If  Uie  lightiag  of  itairwaya  and  upper  and  lower  hallo. 


38a.  Electrolier  Switch.— This  is  a  form  of  snap  switch  which  is  designed  for 
closing  one  or  more  circuits.  A  diagram  of  the  internal  connections  of  a  three-circuit  electrolier 
switch  is  given  in  Fig.  25.  The  first  quarter  turn  of  the  handle,  lights  the  lampa  connected  at  1 ; 
the  second  quarter  turn,  those  at  1  and  2;  and  the  third  quarter  turn,  all  the  lamps.  The  fourth 
quarter  turn  opens  the  circuit.  It  is  not  possible  to  illustrate  the  operation  with  a  simple  dia- 
gram. 

».  Cut-out  Panels  and  Cabinets.— According  to  the  Electrical  Code  not  more  than  660 
watts,  or  under  special  conditions,  not  more  than  1320watts  for  lighting  circuits  may  besupplied 
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through  one  cut-out.    This  necessitates  many  branch  circuits  for  all  installations  except  the 
smallest.     It  is  usually  most  convenient  to  group  the  cut-outs  together  and  mount  them  on 

panel  boards  (Fig.  26).  They  are  made  in  many  forms 
and  for  two-wire  and  three-wire  circuits.  The  bus-bars  are 
usually  run  vertically  with  the  cross-connecting  bars  extend- 
ing horizontally  to  the  branch  circuits.  These  horizontal 
bars  are  interrupted  for  fuses,  or  for  ^oth  switches  and 
fuses. 

Three  forms  of  fuses  are  used  at  the  present  time  for  the 
panel  board  type  of  cut-out;  i.e.,  the  plug  fuse,  the  link  fuse, 
and  the  enclosed  or  cartridge  fuse. 
For  conductors  smaller  than  No.  8  A.W.G.  the  connection  is  made  by  means  of  binding 
screws  with  copper  washers.    This  connection  is  used  for 
all  the  branch  conductors  which  are  usually  of  No.  14  or  No. 
12  wire,  although  in  a  few  cases  No.  10  conductors  are  used. 
When  conductors  of  No.  8  or  larger  are  used,  the  connec- 
tions are  made  by  means  of  special  copper  lugs,  the  wires 
being  inserted  in  a  hole*  in  the  lug  and  soldered.    Such  a 
connection  is  a  marked  improvement  over  the  method  of 
screws  and  washers.    Where  the  wire  is  held  in  place  by  a 
screw  and  washer,  only  a  small  portion  of  the  wire  is  in 
actual  contact,  and  overheating  at  the  terminal  may  result. 
The  lug  terminal  is  preferable  in  nearly  all  cases,  as  it  pro- 
vides a  good  and  lasting  connection.    A  solid  wire  larger 
than  No.  8  is  very  stiff  and  vibrations  will  loosen  it  if  secured 
under  a  binding  screw  and  washer. 

For  purposes  of  protection  and  convenience  in  opera- 
tion, panel  boards  are  mounted  in  cabinets  (Fig.  27). 

In  department  stores  or  buildingB  where  lights  are  thrown  on  and 

off  by  means  of  switches  at  the  panel  board,  and  where  persons  unskilled 

in  the  uses  of  electHoity  operate  the  switches,  panel  boards  should  be 

designed  so  as  to  prevent  access  to  the  interior  of  the  cabinet.     This  is 

readily  accomplished  by  using  push- 
button switches  in  the  branch  circuits. 
The  push-button  switches  can  be 
made    flush    with    the    door   of   the 

cabinet,  which  may  be  locked,  or  the  switch  compartment  may  be  provided 
with  a  separate  door.  By  the  latter  arrangement  it  is  possible  to  lock  the  fuse 
compartment  and  provide  latches  for  the  switch  compartments  (Fig.  28). 

For  the  use  of  unskilled  persons  the  push-button  switch  is  preferable  to 
the  knife  switch.  A  novice  in  electrical  matters  is  ve^ry  apt  to  close  or  open 
the  circuit  slowly  which  causes  arcing  and  may  ruin  the  switch.  Tliis  eannot 
happen  when  push-button  or  snap  switches  are  used  as  the  mechanisms 
operate  with  a  quick  make-and-break. 

80.  Outlet  Boxes. — Metal  outlet  boxes  are  required  at  all 

outlets  where  conductors  are  run  in  conduits  or  armored  cables, 

and  for  flush  switches  and  receptacles  in  connection  with  any 

kind  of  covering. 

I*    [r^  _0Tf9^     3  1  Outlet  boxes  are  not  required  by  the  present  rules  for  circuit 

I I  ^^^M^-Mgig^^l    I       work  run  in  wooden  molding  for  cleat  work,  or  for  knob  and  tube 

wiring,  except  as  noted  above. 

AH  the  principal  forms  of  outlet  boxes  may  be  roughly  classified 
in  two  groups,  universal  and  special.  Under  the  first  head  are  in- 
cluded those  forms  of  boxes  in  which  an  opening  may  be  made 
in  any  part  of  the  box,  so  that,  no  matter  from  what  direction  the  tube  comes,  a  corre- 
sponding opening  in  the  box  may  be  more  or  less  readily  made  without  drilling.  The  other  type 
of  box  is  one  which  is  designed  for  a  specific  purpose.     Fig.  29  is  a  universal  outlet  box. 


Fio.  26. 
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SL  DiBtribnting  SfBtentB. — In  any  system  of  wiring  the  supply  circuit  t«rminatea  at  either 
a  cut-out  cabinet  or  a  switchboard.  From  the  cabinet  orswitchboard  several  sets  of  feeders  and 
mains  are  usually  run  to  various  points  from  which  the  current  is  supplied  to  lamps,  motore, 
or  to  other  receiving  apparatus. 

Slo.  Selection  of  a  Feeder  System.  In  every  case 
the  arrangement  of  the  feedeis  will,  of  course,  be  determined  by 
the  use  and  arrangement  of  the  receiving  apparatus.  In  house 
wiring  for  hghting  purposes  there  are,  however,  some  general 
conditions  which  influence  the  feeder  syattims.  These  conditions 
may  be  classed  under  the  following  heads: 


1.  Control  of  .roup,  of  lighu  from  muD 

■witohboud. 

(g)  H>U  lishta. 

((.)  Other  tbu  h>ll  lithU. 

■uppUed  by  one 

3.  The  Unit  for  the  >i>e  ol  leedn  oondu 

4.  AUowMle  loM  in  feden  „ud  muni 

In  the  designing  and  laying  out  of  feeder  systems  the  use  and 
arrangement  of  the  building  must  be  given  due  consideration. 
The  control  of  hall  lights  from  one  point,  usually  the  main  switch- 
board, is  a  matter  of  considerable  importance.     This,  however, 
applies  primarily  to  hoteb,  apartment  houses,  or  to  buildings  in 
which  the  light  for  halls  is  furnished  by  the  owner  of  the  building, 
and  therefore,  should  be  under  the  control  of  men  in  his  employ. 
Control  qf  Halt  Lighttfrom  One  Poiid.^~1a  private  residences 
it  isseldom  advisable  to  haveseparate  feeders  for  hall  lights,  since  it  ismuch  more  convenient  to 
operate  t-he  lights  by  switches  placed  at  convenient  points  in  the  halls.     In  public  buildings  it 
is  almost  always  advisable  to  install  separate  feeders  for  hall  lights.     The  main  point  in  the 
problem  is  not  the  neceaaity  for  separate  feeders, 
but  the  number  necessary  for  efGcient  operation. 
For  instance,  in  lighting   long  fa  Us  it  is  often 
necessary  to  have  different  numbers  of  lamps 
turned  on  at  different  times  in  the  day,  and  also  on 
different  days.     This,  of  course,  combines  the  pro- 
blem of  efficient  lighting  with  wiring  as  lb  true  in 
almost  every  case.     In  the  solution  of  such  a  pro- 


Via.  29.  Fio.  30. 

blem  it  is  necessary  to  first  determine  the  number  and  distribution  of  lamps  and  the  approx- 
imate time  when  these  lamps  are  to  be  operated.  Having  determined  the  number  of  groups 
of  lamps  that  are  to  be  operated,  the  number  of  pairs  of  feeders  and  their  current-carrying 
capacities  can  then  be  readily  determined.    Thus,  if  it  is  found  that  the  lights  can  or  should 
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be  operated  in  three  groups,  three  pairs  of  feeders  will  be  necessary.  Each  group  of  lamps  can 
be  turned  on  and  off  at  the  proper  time  without  interfering  with  the  others.  It  is  very  prob- 
able that  the  cost  of  the  additional  feeders  will  be  more  than  compensated  for  by  saving  in 
energy.  A  good  arrangement  of  feeder  systems  for  hall  lighting  is  shown  in  Fig.  30.  The 
necessity  for  more  than  one  set  of  feeders  arises  from  the  fact  that  it  may  not  be  advisable  to 
have  hghts  burning  on  all  floors  at  the  same  time.  The  subdivision  of  feeders  into  sets  may 
thus  effect  an  appreciable  saving  in  energy. 

Control  of  Other  than  Hall  Lights. — When  groups  of  lights,  other  than  hall  Hghts,  are  to  be 
controlled  from  the  main  switchboard,  separate  feeders  should  be  provided  for  each  group  of 
lights.  This  is  especially  true  in  case  there  is  some  decorative  Ughting.  Lights  for  decorative 
purposes  should  always  be  controlled  from  some  convenient  point. 

Before  laying  out  any  system  of  feeders  an  elevation  of  the  building  should  first  be  drawn,  and  the  service 
required  on  each  floor  noted.  This  does  not  mean  simply  the  amount  of  power,  but  the  use  and  time  during 
which  the  power  is  to  be  used.  Having  determined  this  together  with  the  power  supplsr— that  is,  whether  it  is  the 
intention  to  obtain  power  from  the  central  station  or  whether  a  separate  plant  is  to  be  installed—the  contractor 
can  proceed  with  the  laying  out  of  feeders  and  mains. 

While  arranging  the  scheme  for  feeders  and  mains,  consideration  must  be  given  the  construction  of  the  build- 
ing with  special  reference  to  runwajrs  and  shafts  which  will  greatly  facilitate  the  installation  of  the  feeders.  The 
usual  scheme  followed  is  frrst  to  locate  the  outlets  and  then  the  distributing  centers.-  The  main  points  to  be  con- 
sidered are  the  current  density  and  source  of  supply. 

81&.  Greatest  Number  of  Outlets  One  Set  of  Feeders  May  Supply. — There  is 
no  absolute  rule  that  can  apply  in  every  case  concerning  the  number  of  outlets  that  may  be 
supplied  by  one  set  of  feeders.  There  are,  however,  some  general  considerations  which  should 
be  kept  in  mind.  Economy  and  convenience  of  operation  will  perhaps  be  greater  if  each  set  of 
feeders  supplied  few  units.  The  reasons  are:  (1)  when  many  units  are  being  fed  by  one  set  of 
feeders  a  sudden  overload  may  cause  an  opening  of  the  circuit  and  a  disturbance  over  a  con- 
siderable area — that  is,  any  accident  that-  would  cause  the  opening  of  the  circuit  connecting 
that  set  of  feeders  with  the  bus-bars  would  cause  greater  inconvenience  than  if  the  receiving 
apparatus  were  supplied  by  several  feeders;  (2)  more  economical  operation  will  undoubtedly 
be  secured  by  dividing  the  load  among  several  sets  of  feeders. 

81c.  Limiting  Size  of  Feeder  Conductors. — ^Local  conditions  will,  to  a  great  ex- 
tent, determine  the  exact  size  of  feeder  conductors  in  any  particular  case.  If  the  question  of 
cost  is  given  first  consideration,  it  will  be  found  cheaper  to  install  a  conductor  whose  capacity 
is  large  enough  to  carry  the  maximum  current  rather  than  several  smaller  ones  whose  combined 
capacity  is  the  same.  The  ease  and  facility  with  which  the  small  conductors  may  be  run,  will, 
in  many  cases,  compensate  for  the  difference  in  cost;  and  furthermore,  the  possibility  of  subdi- 
vision should  not  be  overlooked.  Conductors  larger  than  1  in.  in  diameter  should  seldom  be 
installed.  When  a  larger  current  capacity  is  nesessary,  it  will  invariably  be  found  cheaper  to 
run  smaller  conductors  whose  capacity  in  the  aggregate  is  equal  to  the  capacity  required. 

There  are  other  reasons  for  using  smaller  conductors:  (1)  the  available  space  for  running  conduits,  and  (2) 
the  sise  oil  conduit  itself  may  restrict  the  sise  of  feeder  conductors.  Thus,  feeders  requiring  over  2-in.  tenduit 
should  never  be  used  since  a  2-in.  pipe  is  about  aa  large  as  can  be  economically  handled,  especially  if  there  are  many 
bends  or  offsets. 

Zld,  Allowable  Loss  in  Feeders  and  Mains. — The  exact  voltage  drop  to  be 
allowed  in  feeders  will  depend  upon  the  total  permissible  drop  from  switchboard  to  lamps.  A 
good  rule  is  to  allow  about  one-half  the  total  permissible  drop  for  feeders,  one-fourth  for  mains, 
and  one-fourth  for  branch  circuits.  Such  a  division  is  conducive  to  good  voltage  regulation  at 
the  lamps. 

Since  mains  are  mere  extensions  of  feeders  most  of  the  foregoing  discussion  applies  to  them 
as  well. 

82.  The  Process  of  Determining  the  Size  and  Quantity  of  Wire  Required  for  a  Given  In- 
stallation.— The  general  principles  so  far  discussed  may  be  applied  in  any  particular  case  as 
follows :  First,  prepare  a  vertical  cross  section  of  the  building  showing  the  number  of  stories  and 
their  height.     Upon  this,  and  upon  the  floor  plans,  mark  the  position  of  the  outlets,  and  from 
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these  the  branch  circuits,  distributing  centers,  and  rising  shafte.  Upon  the  elevations  and  floor 
plans,  mark  at  each  distributing  center  the  number  of  watts  which  are  to  be  supplied  by  the 
branch  circuits,  stating  from  the  center.  Having  done  this,  a  tentative  layout  of  the  mains  may 
be  made.  It  is  clearly  evident  that  the  purpose  of  the  foregoing  process  is  to  determine  the 
current  to  be  carried  by  each  set  of  mains  and  feeders.  From  this  data  and  the  allowable  drop, 
the  size  of  conductors  may  then  be  calculated. 

From  the  elevation  and  floor  plans,  next  determine  the  approximate  length  of  the  feeders 
and  mains.  This  approximate  length  will  be  accurate  enough  for  computing  the  drop  and, 
consequently,  the  size  of  conductor. 

According  to  principles  already  given,  the  cross-sectional  area  in  circular  mils  is  then 

EtE 

The  data  i<a  caleulatimt  the  use  of  mains  ia  obtained  in  the  same  way  and  the  calculations  are  also  made  as 
above.  For  determining  the  cost  of  the  conductors  the  approximate  length  as  given  above  will  not  be  sufficiently 
accurate.  The  actual  length  as  nearly  as  possible  should  be  determined  by  the  aid  of  the  floor  plans  and  elevation 
by  indicating  very  nearly  the  actual  direction  the  wires  are  to' run  and  making  allowanoe  for  slack,  bends,  and  off- 
sets. About  5%  of  the  length  is  usually  allowed  for  slack,  and  no  definite  percentage  can  be  given  for  bends  and 
offsets.  This  must  be  determined  from  the  plans  themselvee,  or  in  case  the  framework  of  the  building  has  already 
been  erected,  by  actual  measurements  on  the  building.  Before  deciding  definitely  upon  a  particular  scheme,  it  is 
well  to  make  the  necessary  calculations  for  at  least  two  or  more  different  arrangements.  It  will  often  be  found 
that  some  one  plan  will  be  more  economical  or  more  easily  followed. 

33.  Specifications. — A  specification  may  be  briefly  defined  as  a  detailed  statement  of 
materials  to  be  used  and  the  manner  of  executing  the  work. 

Most  of  the  materials  for  inside  electrical  construction  are  at  present  standardized  and 
must  have  the  approval  of  the  Electrical  Committee  of  the  National  Fire  Protection  Associa- 
tion. Consequently,  in  preparing  specifications  it  is  usually  unnecessary  to  go  into  extended 
detail  when  describing  the  material  to  be  used.  For  this  part  of  the  specifications  it  will  usually 
be  found  sufficient  to  name  the  types  of  construction  and  specify  that  only  approved  material 
may  be  used.  The  second  part  of  the  specifications — namely,  construction  and  method  of  con- 
trol, etc., — should  be  worked  out  with  considerable  detail.  This  is  especially  necessary  where  the 
contract  for  the  wiring  is  to  be  let  to  the  lowest  responsible  bidder.  If  the  specifications  are 
not  adequate,  there  can  be  no  comparative  basis  for  letting  the  contract. 

In  the  preparation  of  a  set  of  specifications  it  is  important  that  the  language  used  be 
grammatical  and  construed  according  to  the  rules  of  grammar.  It  is  dangerous  to  permit  in- 
accuracy or  confusion  in  the  arrangement  of  clauses,  because  the  true  intent  may  thus  be  dis- 
torted and  not  admit  of  ready  interpretation.  There  are  many  words  and  phrases  which  may 
have  one  or  several  meanings  in  ordinary  narration,  but  quite  different  meanings  when  used  in 
technical  description,  or  in  relation  to  jsome  special  subject,  and  it  must  be  supposed  that 
technical  words  and  phrases  are  used  in  the  specific  and  technical  sense  applicable  to  the  subject. 

Specifications  for  electric  wiring  that  is  to  be  installed  under  a  separate  contract  should  con- 
tain in  the  first  paragraph  a  statement  that  the  work  is  to  be  done  and  the  material  is  to  be 
furnished  in  conformity  with  the  following:  (1)  American  Institute  .of  Architects'  Instructions 
to  Bidders;  (2)  National  Electrical  Code;  and  (3)  the  Ordinances  of  the  City  and  Rules  of  the 
Inspection  Department  of  the  city  in  which  the  work  is  to  be  done.  Consideration  should 
also  be  given  to  the  requirements  of  the  electricity  supply  company  to  secure  the  best  operating 
and  maintenance  conditions. 

In  general,  it  may  be  said  that  in  addition  to  the  architect's  instructions,  the  National  Elec- 
trical Code,  and  city  and  inspection  department  regulations,  the  specifications  should  cover  in 
detail:  (1)  the  general  considerations  applicable  to  any  installation,  and  (2)  a  detailed  descrip- 
tion of  the  installation  in  question. 

SECTION  L     GBNBRAL  CONDITIONS 

The  general  considerations  may  be  subdivided  further  as  follows: 

Scope  of  Contract. — Under  this  heading  should  be  stated  the  work  to  be  covered  by  the  specifications. 
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^xplavurfion*.— Under  explanations  should  be  enumerated  the  meaning  and  foroe  of  the  apedficatiooa,  sad 
who  shall  be  the  final  authority  in  interpreting  the  specifications. 

Changes. — Under  this  heading  should  be  enumerated  conditions  under  which  changes  will  be  permitted,  who 
ahall  specify  what  changes  are  to  be  made,  and  how  pay  shall  be  estimated  for  changes  ordered.  The  following 
example  illustrates  this: 

"  No  changes  will  be  permitted  in  these  specifications,  or  in  the  plans  accompanying  the  same,  except  in  minor 
details  or  for  good  legitimate  came,  or  except  when  made  necessary  by  reason  of  altered  conditions  or  changes  in 
the  building. 

"  No  such  changes  shall  be  made  without  the  authority  of  the  representative  of  the  owner. 

"The  owner  shall  have  the  privilege  of  ordering  any  changes  that  may  be  deemed  desirable  or  necessary, 
for  the  hereinabove  specified  reasons  or  for  other  legitimate  reasons,  at  any  time  before  the  completion  of  the  work- 

"  All  such  changes,  involving  no  additional  cost  to  the  Contractor  and  no  loss  or  expense  to  the  owner,  are  to 
be  made  free  of  expense  to  the  owner. 

"For  all  changes  ordered  by  the  owner,  or  hia  representative,  the  settlement  shall  be  made  when  poeaihle  by 
reference  to  the  "stated  priced**  which  are  required  to  be  quoted  in  the  Contractor's  proposal,  as  specified 
hereinafter. 

"For  any  addition  to,  or  omission  from,  the  circuit  work,  or  for  any  other  change  required  in  the  installation, 
involving  additional  cost  to  the  Contractor,  and  for  which  no  adequate  basis  of  settlement  has  been  provided  in 
the  "stated  prices"  aforesaid,  the  Contractor  must  first  give  written  notice  of  such  additional  cost,  and  must  sub- 
mit an  estimate;  and  a  special  order  shall  be  issued  for  the  said  addition,  omission,  or  change,  before  the  work  of 
making  said  change  is  begun. 

"  Bills  of  all  extra  work  must  be  rendered  promptly  on  the  Completion  of  said  extra  work,  accompanied  with 
all  items,  and  details  necessary  for  the  proper  audit  of  said  bills. 

"  The  owner  shall  receive  credit  for  the  value  of  all  materials  or  wM-k  discarded  and  not  installed. 

"No  allowance  shall  be  made  for  extra  work  unless  these  conditions  are  fully  complied  with.'* 

Supervision. — This  clause  is  to  specify  the  individual  or  official  under  whose  immediate  aupervision  the  work  b 
to  be  executed,  and  to  whom  is  reserved  or  given  the  right  to  accept  or  reject  any  portion  of  the  equipment,  and 
what  shall  be  the  criterion  for  such  acceptance  or  rejection. 

Repairs,  Defects,  Etc. — A  paragraph  with  the  above  heading  is  necessary  to  cover  the  character  of  the  labor 
employed  by  the  contractor;  the  time  during  which  contractor  agrees  to  keep  equipment  in  repair,  whidi  may  be 
necessary  on  account  of  defective  material  or  workmanship. 

Other  Trades. — Since  in  the  construction  of  nearly  all  buildings,  members  of  several  different  trades  maybe 
employed,  it  becomes  necessary  to  include  a  clause  explaining  the  relation  between  the  wiring  contractor,  owner, 
and  other  workmen  on  the  building.  It  is  also  necessary  to  explain  under  whose  direction  and  supervision  worlc 
other  than  the  wiring  is  to  be  done  when  the  wiring  necessitates  such  work. 

Subcontracting. — In  order  that  the  owner  or  his  representative  may  at  all  times  know  whom  to  hold  responsible 
for  the  performance  of  any  part  of  the  work  it  is  customary  to  specify  conditions  under  which  the  whole  or  parts 
of  the  contract  may  be  sublet. 

Accidents. — In  order  to  avoid  controversy  over  the  responsibility  for  accidents,  it  is  necessary  to  state  clearly 
that  the  contractor  and  his  subcontractors  are  to  bear  any  loss  which  may  result  from  their  own  neglect.  This  is 
especially  important  in  states  which  have  industrial  laws. 

Inspedion. — This  part  of  the  specifications  is  usually  covered  by  a  clause  something  like  the  following: 
All  materials  and  work  are  to  conform  in  all  re8i>ect8  to  the  requirements  and  regulations  of  the  National  Board 
of  Fire  Underwriters  and  any  local  boards  having  jurisdiction,  including  the  latest  amendments  and  modificatioofl 
to  their  rules.     The  contract  is  not  to  be  considered  complete  until  all  necessary  certificates  of  insi>ection  have  been 
furnished. 

SECTION  n.    DBTAILBD  SPBCIFICATIONS 

Plaru. — Number  of  plans  and  what  each  covers. 

Service  Wires. — Location  of  service  wires,  and  character  of  wiring. 

Lamps  and  Fixtures. — If  the  lamps  and  fixtures  are  to  be  a  part  of  the  oontract^  their  character  and  types 
should  be  described  in  detail.  It  is  perhaps  better  to  have  a  separate  set  of  specifications  for  this  part  of  the 
installation. 

Feeders  and  Mains.—Qive  sixes  of  wires;  state  between  what  points  they  are  to  be  run,  and  whether  separate 
circuits  are  to  be  run  for  motors,  heating  devices,  or  other  accessories. 

Branch  Circuits. — Describe  sise  of  wires  to  be  used  for  the  different  circuits. 

Condutfs.— Kinds  of  conduits;  sises  for  feeders  and  mains;  sises  for  branch  circuits;  method  of  installing:  care  to 
be  used  in  fitting. 

OiUlet  Boxes. — Kinds  of  outlet  boxes  that  will  be  permitted. 

Fixture  Supports. — Where  to  be  located  and  designs  to  be  used. 

CtU-out  Cabinet^.— 'Where  to  be  located;  by  whom  furnished;  kind. 

Cut-outs. — Kinds;  mounting;  style  of  switches  for  branch  circuits. 

Fuses  arid  Fuse  Holders. — Kinds;  where  to  be  located. 

Svniches. — Types,  locations,  capacity,  etc. 

Baseboard  ond  WaU  Receptacles. — Kinds  and  locations. 

General. — Describe  any  special  features  that  do  not  properly  come  under  any  of  the  above  headings. 

Test. — Describe  test  which  is  to  be  applied  to  make  installation  acceptable. 
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SBCnON  m.    WIRIITO  FOR  TSLEPHONB8 

Thk  is  utually  done  by  the  telephone  companiee,  but  in  order  to  have  the  telephone  wiring  run  to  proper  and 
convenient  outlets,  the  following  may  be  safely  included: 

Conduit  Run  for  Telephones. — ^Looation  of  telephones;  ss^tems  to  be  used. 
Terminai  Boxee. — Where  located. 

SECTION  IV.  '  WIRING  FOR  BLBVATORS 

In  buildings  where  elevators  are  to  be  used,  specifications  for  this  should  be  included.  The  most  important 
items  win  be: 

Kind  €/ Service. 

Feeder: 

Location  of  Meier. 

OutteU,  etc. 

The  notes  following  the  general  heading  are  merely  indicative  of  what  should  be  described  in  detail.  Where 
necessaiy  the  description  should  be  supplemented  by  drawings  showing  any  special  features  or  arrangements. 

34.  Standard  Sjrmbols  for  Wiring  Plans. — The  National  Electrical  Contractors'  Associa- 
tion and  the  American  Institute  of  Architects  have  agreed  upon  symbols  which  are  to  be  used 
in  wiring  plans  and  specifications. 

This  q>eeifioation  is  based  upon  the  use  of  the  following  standard  symbols  adopted  by  the  National  Electrical 
Contractors'  Association  and  the  American  Institute  of  Architects. 

Ceiling  Outlet;  Electric  only.  Numeral  in  center  indicates  number  of  Standard  16  C.  P.  Incandes 
oent  Lamps. 

Ceiling  Outlet;  Combination.     |  indicates  4-16  C.  P.  Standard  Incandescent  ^^ 

Lamps  and  2  Gas  Burners.     If  gss  only         j^B 

Bracket  Outlet;  Electric  only.  Numeral  in  center  indicates  number  of  Standard  16  C.  "^^ 
P.  Incandescent  Lamps. 

Bracket  Outlet;  Combination.     |  indicates  4-16  C.  P.  Standard  Incandescent  ^  ^^ 

Lamps  and  2  Gas  Burners.     If  gas  only  ^HH| 

Wall  or  Baseboard  Receptacle  Outlet.     Numeral  in  center  indicates  number  of  Stand- 
ard 16  C.  P.  Incandescent  Lamps. 

Floor  Outlet.     Numeral  in  center  indicates  number  of  Standard  16  C.  P.  Incandescent  Lamps. 

Outlet  for  Outdoor  Standard  or  Pedestal;  Electric  only.  Numeral  indicates  number  of  Standard 
16  C.  P.  Incandescent  Lamps. 

Outlet  for  Outdoor  Standard  or  Pedestal;  Combination,  f  indicates  6-16  C.  P.  Standard  Incan- 
descent Lamps;  6  Gas  Burners. 

Drop  Cord  Outlet. 

One  Light  Outlet,  for  Lamp  Receptacle. 

» 

Arc  Lamp  Outlet. 

Speeial  Outlet,  for  Lighting,  Heating  and  Power  Current,  as  described  in  Specifications.^ 

Ceiling  Fan  Outlet. 


S.  P.  Switch  Outlet. 

D.  P.  Switch  Outlet. 

3- Way  Switch  Outlet. 
4- Way  Switch  Outle 

Automatic  Door  Switch  Outlet. 
ElaotroUer  Switch  Outlet. 


Show  as  many  Symbols  as  there  are  Switches.  Or  in  case  of  a 
very  large  group  of  Switches,  indicate  number  of  Switches 
by  a  Roman  numeral,  thus  S'  XII;  meaning  12  Single  Pole 
Switches. 

Describe  Type  of  Switch  in  Specifications,  that  is,  Flush  or 
Surface,  Push  Button  or  Snap. 
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Q     Meter  Outlet. 

Distribution  Panel. 


Junction  or  Ptill  Box. 

Motor  Outlet;  Numeral  in  center  indicates  Hone  Power. 

Motor  Control  Outlet. 
Transformer. 

Main  or  Feeder  run  concealed  under  floor. 


Main  or  Feeder  run  concealed  under  Floor  above. 


Main  or  Feeder  run  exposed. 

Branch  Circuit  run  concealed  under  Floor. 


•  Branch  Circuit  run  concealed  under  Floor  above. 


~~  —  —  —  —  Branch  Circuit  run  exposed. 


Pole  Line. 


Heights  of   Center   of   Wall    Outlets 
(unless  otherwise  specified): 

Living  Rooms 5  ft.  6  in. 

Chambers 5  ft.  0  in. 

Olficefl 6  ft.  Oin. 

Corridors 6  ft.  3  in. 

Height  of  Switches  (unless  otherwise 
specified): 

4  ft.  0  in. 


#  Riser. 

n       Telephone  Outlet;  Private  Service. 

1^  Telephone  Outlet;  Public  Service. 

Q  Bell  Outlet. 

I     ]/  BuBzer  Outlet. 

|q|2  Push  Button  Outlet;  Numeral  indicates  number  of  Pushes. 

""V^^  Annunciator;  Numeral  indicates  number  of  Points.  '^ 

"■^  Speaking  Tube. 

—(C)  Watchman  Clock  Outlet. 

— H        Watchman  Station  Outlet. 
— ^)     Master  Time  Clock  Outlet. 

— 4jj     Secondary  Time  Clock  Outlet. 

iTl     Door  Opener. 

DO     Special  Outlet;  for  Signal  Ssrstems,  as  described  in  Specifications. 

mill  Battery  Outlet. 

!  Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor,  concealed. 
Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 
Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor  above,  concealed. 
Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 


Sec  6^-35] 


ELECTRICAL  EQUIPMENT 


1315 


t''  f7oor  s(pb  "v  


Fig.  81. 


36.  Wiring  of  Concrete  Buildings. — The  rigid  conduit  system  of  wiling  is  the  only  one  to 
be  recommended  for  fireproof  buildings.  For  such  structures,  either  one  of  two  methods  of 
installing  the  conduits  may  be  followed;  that  is,  the  conduits  may  be  run  either  exposed  or  con- 
cealed. The  method  to  be  followed  in  any  given  case  will  be  determined  by  local  conditions 
although  it  may  be  said  that  the  concealed  system  is  to  be  preferred  if  the  conditions  will  per- 
mit its  installation. 

36a.  Exposed  Conduit  System. — In  many  concrete  buildings  it  is  not  always 
practical  to  locate  definitely  the  outlets  during  the  process  of  construction.  This  is  especially 
true  of  buildings  intended  for  manufacturing  purposes.  Moreover,  the  installation  of  conduits 
in  such  a  building  after  its  completion  is  a  laborious  and  expensive  process  unless  some  provision 
for  such  installation  is  made  while  the  building  is  under  construction.  . 

The  best  plan  to  follow  will  be  to  a  great  extent  determined  by  local  conditions.  Never- 
theless, two  quite  common  methods  are  the 
following;  Fig.  31  shows  a  section  of  a  rein- 
forced concrete  floor.  Openings  for  the  conduit 
are  made  by  placing  short  pieces  of  pipe  of  proper 
diameter  in  the  girder  form.  These  pieces  of 
pipe  must  be  large  enough  to  permit  the  easy 
insertion  of  the  conduit,  and  they  must  also  be  of  such  length  that  when  the  forms  into  which 
the  concrete  is  poured,  are  removed,  the  ends  of  the  sleeves  will  be  flush  with  the  sides  of  the 
girders.  In  most  cases,  1  >i  in.  pipe  will  be  large  enough.  The  sleeves  pass  horizontally  through 
the  girder  near  the  ceiling  line  in  every  bay,  or  as  near  as  possible  to  the  neutral  axis  of  the 
girder.  They  may  be  placed  in  all  four  sides  of  the  bay  so  that  several  circuits  can  be  run  in. 
The  sleeves  must  be  in  alignment,  and  they  must  be  firmly  fastened  to  the  forms  so  that  the 
pouring  of  the  concrete  and  other  operations,  will  not  displace  them.  Then  by  using  condulets 
and  exposed  iron  panel  boxes,  a  neat  job  of  exposed  conduit  wiring  is  assured. 

If  the  girders  are  steel  I-beams,  another  plan  must  be  followed.  A  convenient  method  of  fastening  the  conduit 
in  such  instances  is  shown  in  Fig.  32.  A  board  is  first  fastened  under  the  girder  by  means  of  clips  extending  around 
the  flange  of  the  I-beam  and  screwed  to  the  board.  The  conduit  is  then  attached  to  the  under  side  of  the  board  by 
straps. 

86&.  Concealed  Conduit.  Constructipn. — The  exact  plan  to  be  followed  in  this 
type  of  construction  will  depend  somewhat  upon  the  form  or  style 
of  concrete  construction,  but  in  general  either  one  of  two  methods 
may  be  employed.  In  one  system  the  conduits  are  installed  after 
the  concrete  is  all  poured,  set,  and  the  forms  removed.  In  the 
other  system,  the  conduits  and  outlet  boxes  are  fastened  in  place 
and  the  concrete  is  poured  over  them.  If  the  conduits  are  to  be 
installed  after  the  removal  of  the  forms,  some  provisions  must  be 
made  for  outlets  through  the  concrete  slabs  before  the  concrete 
is  poured,  as  structural  engineers  as  a  rule  will  not  permit  the 
cutting  away  of  the  reinforcing  steel.  One  method  of  securing 
an  opening  through  the  concrete  slab  is  to  fit  wooden  blocks  as  is 
shown  in  Fig.  33.  These  blocks  are  specially  made,  and  tapered  as  shown.  The  smaller  end 
of  each  block  is  placed  at  t^he  bottom,  and  its  diameter  is  approximately  that  of  an  outlet 
box.  In  length,  the  blocks  are  equal  to  the  thickness  of  the  concrete  slab.  These  blocks 
must  be  set  and  securely  fastened  before  the  concrete  is  poured.  One  good  method  of 
fastening  them  in  place  is  by  means  of  bolts  as  indicated.  A  hole  is  bored  the  whole  length 
of  the  block  and  through  the  form.  A  bolt  of  proper  length  is  inserted  and  a  nut  is  screwed  on 
from  below. 

Instead  of  blocks,  tin  tubes  or  sleeves,  like  those  generally  placed  around  steam  pipes  where 
they  pass  through  the  ceilings,  may  be  used.  These  tubes  should  not  be  smaller  than  3  in.  in 
diameter,  and  about  6  in.  long.  Such  tubes  are  fastened  by  flaring  them  out  at  the  bottom  and 
nailing  them  to  the  forms  where  outlets  are  required.  To  protect  the  tubes  from  being  filled 
with  concrete,  they  are  filled  with  sand  as  soon  as  put  in  place. 
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When  the  concrete  has  set,  and  the  forms  have  been  removed,  the  conduit  is  installed  as 
shown  in  Fig.  34.  The  conduit  is  bent  and  inserted  into  the  outlet  box  which  is  placed  flush 
with  the  opening.  This  necessitates  sharp  bends,  and  the  length  of  conduit  extending  into  the 
opening  must  be  short  to  prevent  the  box  from  being  exposed. 

Undoubtedly  the  best  practice,  however,  is  to  fasten  the  outlet  box  to  the  forms  before 
the  concrete  is  poured.  The  wood  forms  are  set  with  the  reinforcing  steel  in  place,  and  upon 
this  the  conduit  is  placed  as  shown  in  Fig.  35.  Several  methods  may  be  employed  for  fastening 
the  boxes  in  place.  One  method  is  to  first  fasten  the  conduit  and  fixture  hanger  to  the  box; 
then  drive  a  nail  at  the  exact  center  of  the  outlet  and  place  the  center  of  hanger  over  the  nail 
at  the  outlet  location.  The  box  may  then  be  fastened  to  the  forms  by  wire  nails  which  are 
driven  part  way  into  the  boards  and  then  bent  over  the  box,  or  the  nails  may  be  driven  through 


Fig.  33. 
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the  screw  holes  in  the  bottom  of  the  box.     These  nails  must  be  cut  out  before  the  wire  is  drawn 
in. 

To  avoid  aharp  ends  of  nails  in  the  boxes  after  forms  are  removed*  either  of  the  following  plans  is  to  be  pre- 
ferred: Drive  on  a  slant  four  nails  about  half  way  into  the  forms  on  the  opposite  sides  of  the  box.  Then  take  a 
No.  14' soft-iron  wire  and  make  a  turn  or  two  around  the  head  of  each  nail,  crossing  over  the  box  from  nail  to  nail. 
When  this  has  been  done,  drive  the  n^s  down  until  the  box  is  held  firmly  in  place. 

Another  convenient  method  is  shown  in  Fig.  36.  A  scrap  pieoe  of  H-iu-  conduit  is  tapped  with  a  H-in- 
tap  and  then  screwed  on  to  the  fixture  stud  in  the  bottom  of  the  box.  A  hole  of  the  proper  sise  is  bored  through 
the  form  and  a  piece  of  pipe  is  pushed  into  it.  By  means  of  a  lock  nut,  the  box  is  drawn  up  tight  against  the  form 
and  firmly  held  in  plaoe.  When  the  concrete  is  set.  the  stem  is  unscrewed  from  the  fixture  stud,  permitting  the 
easy  removal  of  the  forms.    The  outlet  boxes  must  be  deep  enough  to  permit  the  insertion  of  the  conduit  from  the 
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sides.  These  boxes  are  installed  before  the  reinforcing  steel  is  put  in  place,  and  the  conduits  are  run  inmmediataly 
after  the  placing  of  the  wire  netting  upon  which  they  rest.  In  such  a  construction,  the  conduit  serves  as  a  reiii- 
forcement  and  can  be  completed  back  to  the  center  of  distribution.  It  may  also  be  turned  up  or  down  at  switch 
outlets  as  the  case  demands. 

The  ends  of  the  conduits  must  be  securely  closed  against  the  entrance  of  water  or  concrete.  Some  eontractocs 
use  Fooden  plugs  or  tape  covered  with  a  waterproof  compound  for  this  purpose,  while  one  contractor  recommends 
the  use  of  the  circular  pieces  that  are  knocked  out  of  the  outlet  boxes.  These  he  fastens  in  place  by  slipping  a 
knockout  disk  of  proper  size  into  a  bushing  and  then  screwing  the  bushing  on  to  the  exposed  end  of  the  pipe.  Such 
a  joint  can  readily  be  made  water  tight,  and  the  construction  is  cheap.  Switch  outlets  are  usually  placed  on  either 
the  walls  or  the  partitions.  This  fact  necessitates  bringing  the  conduit  through  the  forms  in  the  line  of  the  walls 
or  of  the  partition.  Great  care  must  be  exercised  to  locate  these  outlets  accurately,  for  after  the  cement  has  let, 
it  is  too  late  to  change  them.    For  vertical  runs  between  floors  it  is  a  good  plan  to  provide  channels. 


SECTION  7 
ELECTRIC  LI6HTIN0  AND  ILLUMINATIOir 

By  C.  M.  Janskt 

1.  General. — When  lamps  are  placed  in  a  room,  the  purpose  is  not  to  have  a  source  of  light 
to  look  at,  but  to  make  objects  in  the  room  visible  and  in  some  instance  to  enhance  their  beauty. 

Objects  are  seen  by  reflected  light ;  that  is,  light  from  some  source  after  falling  on  the  object 
is  reflected  by  it  to  the  eye  where  it  excites  the  sensation  of  vision.  By  means  of  this  sensation 
we  can  get  a  perception  of  the  shape,  size,  color,  and  other  physical  characteristics  of  the  object. 

There  are  two  types  or  kinds  of  reflection — specular  and  diffuse.  If  the  object  upon  which 
the  light  falls  is  polished,  it  is  invisible,  for  nearly  all  of  the  incident  light  is  reflected  at  the  same 
angle  and  an  image  of  the  source  is  seen.  Polished  surfaces  such  as  mirrors,  produce  specular 
reflection.  Light  falling  on  a  visible  object  is  not  all  reflected  at  the  same  angle  nor  is  all  of  it 
that  is  incident  at  a  given  point  reflected  to  the  eye,  but  it  is  dispersed  or  scattered.  Such  a  re- 
flection is  known  as  diffuse.    Objects  are  made  visible  by  diffuse  reflection. 

The  effectiveness  of  a  system  of  illumination  is  thus  indicated  by  the  distinctness  with 
which  the  objects  are  seen  and  their  colors  and  other  features  are  depicted.  If  the  light  source 
18  in  the  direct  line  of  sight,  vision  will  not  be  distinct,  for  the  eye  automatically  adjusts  itself 
to  the  most  brilliant  object  and  prevents  the  entrance  of  sufficient  light  from  the  less  brilliant 
objects  to  make  them  clearly  visible.  This  is  also  true  if  one  side  or  portion  of  an  object  is 
brilliantly  illuminated  while  the  other  side  is  in 
shadow. 

It  is  a  mistake  to  assume  that  brilliant  lights  give 
the  most  efficient  illumination.  Efficient  illumination 
is  secured  by  a  proper  and  even  distribution  of  light 
rather  than  by  great  intensity.  The  artistic  aspect 
of  lighting  fixtures,  however,  should  not  be  neglected. 

2.  Light  and  Illumination. — ^Light  is  the  physical 
condition  of  the  ether  which  produces  the  sensation 
of  vision.  The  sources  of  light  are  the  sun,  and  other 
incandescent  J>odies.  Those  in  which  we  are  at  present  concerned  are  electric  lamps.  The 
high  temperature  of  the  lamp  filament  produces  the  condition  in  the  ether  which  we  call 
light.  Illumination  is  the  distribution  of  light  on  objects  to  make  them  visible.  Light  is  the 
cause;  illumination  is  the  effect.  The  problem  in  designing  a  lighting  system  is  to  tise  light  so 
as  to  obtain  illumination  without  causing  eye  discomfort  or  strain.  Lighting  and  illumina- 
tion thus  have  utilitarian,  artistic,  and  hygienic  aspects.  In  a  properly  designed  and  efficient 
lighting  and  illumination  system  the  sources  of  light  should  be  of  relatively  low  intrinsic 
brilliancy.  They  should  be  out  of  the  direct  range  of  vision  and  the  distribution  of  light 
should  be  such  that  objects  viewed  are  clear  and  distinct  without  excessive  shadows  or  glare. 
Brilliancy  of  a  lighting  system  is  no  guarantee  of  its  efliciency  from  an  illumination  viewpoint. 
No  modem  light  source  should  be  exposed  so  as  to  be  normally  visible.  Such  a  condition  is 
harmful  to  the  eye  and  contributes  much  toward  making  the  lighting  system  unattractive. 

In  addition  to  the  general  factors  mentioned  above,  many  local  or  particular  factors  must 
be  considered  in  designing  a  lighting  system. 

8.  Distribution  of  Light. — If  the  source  of  light  is  a  small  incandescent  ball,  it  is  evident 
that  it  would  appear  equally  bright  from  every  direction.  Such  a  body  sends  out  light  of  equal 
intensity  in  every  direction.  The  total  amount  of  light  emitted  is  commonly  called  the  flux  of 
light.  Since  light  travels  in  straight  lines,  it  is  evident  that  a  small  area  near  the  source  of  light 
will  receive  as  much  light  as  a  larger  one  at  a  distance  (Fig.  1).    The  small  area  will  thus  appear 
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more  brilUiantly  illuminated.  The  illuroinatioQ  will  also  vary  with  the  color  and  texture  of 
the  object  and  its  inclination  to  the  rays  of  light.  Ulumination  isthusafunctionof  many  differ- 
ent factors  among  which  the  intensity  or  brijlinacy  of  the  light  source  ie  only  one. 

*rhe  brilliancy  of  a.  Ught  source  is  a  measure  of  the  flux  of  light  emitted.  The  intensity  of 
light,  or  flux  of  light,  in  any  specified  direction  is  measured  in  caiuUes.  A  oandle  is  the  luminous 
intensity  of  light  emitted  by  a  standard  candle.  This  is  a  candle  made  according  to  certain 
definite  specifications  and  bunted  under  specified  conditions.  It  is  an  arbitrary  unit  for  meas- 
uring luminous  intensity. 

BioH  every  prutic*!  artificikl  liaht  Hum  emit!  diSercBt  qiuDtitia 
of  liaht  in  difFeceat  dlrecUooi.  tbe  brillisncy  in  only  one  directian  e«n 
be  uted  aa  tbe  unit  erf  campuruan.  Th<  lisht  (Iring  power  in  (he  hori- 
lontal  dlreetloD  has  been  nude  the  bkui  of  intelluty  meaaurenienu. 
By  hortiaDtal  dir«lion  ii  miant  mrf  direotion  in  ■  plane  perpendieu- 


dire^^tiote.  hence  the  mver&Ke  or  innn  of  the  intenutiea  \m  UAUAlly  giren. 
Tbfl  nvermge  or  meaa  candle  power  may  he  the  aT«iBC«  of  the  iotenai- 
tiea  in  ■  great  many  diSerent  direetioni.  For  eiample,  ths  muH  to^crt 
htmitphericai  candle  power  of  ■  lamp  Lb  the  average  of  the  candle 
power  vbIum  in  oU  directiona  below  the  hoiiiontal.  Th«  mtan 
tpherieal  candle  pE>wer  of  a  lamp  ia  the  average  of  ita  eandle  power  in 
horliontal  candle  power;  that  ia,  the 


(in  the  I 


tlplan 


4.  Distrlbntion  Cnrrea.' — Aa  pointed  out,  the  luminous  intensity  or  candle  power  of  a  lamp 
varies  with  the  direction.  Candle  power  in  sjiy  direction  is  determined  by  comparison  with 
,the  luminous  intensity  of  a  standard  lamp.  A  typical  or  rather  illustrative  curve  showing  the 
variation  in  candle  power  of  a  16-candle  power  carbon  lamp  is  shown  in  Fig.  2.  The  measured 
luminous  intensities  are  either  tabulated  or  plotted  in  the  form  of  curves  (see  Fig.  3).     At  the 
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left  the  data  are  given  in  tabular  form;  at  the  center  and  right,  the  relations  are  shown  by  etu^ea 
plotted  to  polar  coordinates.     The  candle  power  at  any  angle  is  the  average  obtained  as  the 

lamp  rotates  about  its  vertical  axis. 

Distribution  curves  are  graphical  methods  of  presenting  the  data  in  the  table.  A  distribu- 
tion curve  shows  at  a  glance  the  variations  in  luminous  intensities  in  different  direolions  and  the 
curves  are  thus  simply  convenient  methods  of  presenting  tabulated  data.  The  area  of  a  distri- 
bution curve  is  not  a  criterion  of  the  total  amount  of  light  emitted  by  a  lamp.  Fig.  4  shows 
two  distribution  cur\'C9  of  two  light  sources  emitting  equal  amounts  of  light  flux. 
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the  lone  represents  the  average  candle  pover  of  the  sone.  The  total  light  flux  in  lumens  is  then  obtained  by  multi- 
plying the  candle  power  by  the  area  of  the  sone  on  the  surface  of  a  sphere  of  1  ft.  radius.  The  factors  by  which 
Buch  candle  power  values  should  be  multiplied  to  give  the  lumens  in  each  10-deg.  zone  are: 


Zone 

0  deg.  to  10  deg. 
10  deg.  to  20  deg. 
20  deg.  to  30  deg. 
30  deg.  to  40  deg. 
40  deg.  to  50  deg. 
50  deg.  to  60  deg. 
60  deg.  to  70  deg. 
70  deg.  to  80  deg. 
80  deg.  to  00  deg. 
Above  90  deg.  the  factors  are  the  same  but  in  the  reverse  order. 


Multiplying  factors 

0.0954 

0.283 

0.463 

0.628 

0.774 

0.897 

0.992 

1.058 

1.001 


« 

6.  Units  of  nittmination. — It  is  evident  from  Fig.  1,  that  the  amount  of  light  from  a  point 
source  falling  on  a  given  surface  decreases  as  the  square  of  the  distance  of  the  surface  from  source 
of  light  increases.  The  amount  of  light  that  is  incident  upon  a  square  foot  at  a  distance  of 
1  ft.  from  the  source  is  spread  out  over  4  sq.  ft.  at  a  distance  of  2  ft. 


FxQ.  4. 


Evidently  the  illumination  produced  will  vary  with  the  quantity  of  light  falling  on  the 
surface.  That  is,  the  illumination  also  varies  inversely  as  the  square  of  the  distance  of  the 
Humiliated  surface  from  the  light  source. 

A  standard  capdle  will  produce  a  certain  definite  illumination  on  a  surface  at  a  distanc  ^  of 
1  ft.  This  illumination  is  called  the  foot-candle.  It  is  a  unit  of  illumination  and  not  of  candle 
power.  In  Fig.  1/  if  Siaa,  lamp  of  1  c.p.  intensity,  and  A  is  a  surface  1  ft.  away,  the  intensity 
of  illumination  is  1  foot-candle.  If  the  surface  is  farther  away,  like  B  for  example,  the  intensity 
of  illumination  is  less,  or  H  of  a  foot-candle.  The  foot-candle  is  a  unit  of  intensity  and  accord- 
ingly any  value  expressed  in  foot-candles  must  be  a  value  at  one  point  only,  unless  it  is  given  as 
an  average  value. 

In  calculating  the  illumination  for  a  particular  installation,  it  is  convenient  to  select  a 
horizontal  plane  on  which  it  is  assumed  that  illumination  is  desired.  This  plane,  known  as 
the  plane  of  iUundnation,  is  usually  2  ft.  6  in.  above  the  floor.  In  laying  out  a  lighting  system, 
it  is  customary  to  select  an  average  foot-candle  intensity  on  the  plane  of  illumination,  this 
average  depending  on  the  brilliancy  of  illumination  desired.  The  lighting  S3rstem  is  then  de- 
signed to  give  this  average  value.  With  an  average  intensity  in  foot-candles  on  the  plane  of 
illummation,  the  intensity  may  vary  considerably  from  point  to  point  on  the  plane;  but  by 
using  the  right  reflector  at  the  proper  height  and  by  proper  spacing  of  the  lamps,  the  variation 
in  intensity  may  be  made  negligible  and  the  resulting  illumination  will  be  uniform. 

The  quantity  of  light  emitted  by  a  light  source  has  been  called  the  flux  of  light.     The 
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amount  of  light  that  produces  an  average  illumination  of  1  foot-candle  on  an  area  of  1  sq.  ft. 
is  called  a  lumen.  What  is  meant  by  a  quantity  of  light  will  be  better  \mderstood  by  reference 
to  Fig.  1.  The  solid  angle  included  by  the  planes  aSb,  hSc^  CSd^  and  ASd^  may  be  considered  as 
including  a  certain  amount  of  light.  The  luminous  intensity  in  candle  power  may  be  different 
in  different  directions  within  the  solid  angle,  but  the  quantity  of  light  within  the  angle  is  a 
definite  fixed  amount.  If  this  amoimt  is  such  that  the  illumination  on  A  per  square  foot  is  1 
foot-candle,  the  light  flux  in  lumens  is  equal  to  the  area  of  A  in  square  feet.  If  A  haa  an  area 
of  1  sq.  ft.  and  the  average  illumination  is  1  foot-candle,  the  quantity  or  flux  of  light  is  1  lumen. 
If  we  assume  5  to  be  a  point  source  emitting  light  uniformly  in  all  directions,  then  the  total 
flux  in  lumens  is  equal  to  4t  times  candle  power  of  S. 

,  UbutrBhvt  Problem. — Accord  ng  to  curve  in  Fig.  3.  the  average  candle  power  at  an  angle  of  25  deg.  from  the 
vertical  is  178.     This  is  the  middle  of  the  20  and  30-deg.  sone.     What  is  the  light  flux  in  this  zoneT 

The  multiplying  factor  for  the  sone  20  to  80  deg.  is  0.463. .  The  product  of  0.403  X  178  -  82.4  lumens.     The 
table  to  the  left  gives  142  -  60  -  82  lumens. 

To  use  these  factors  with  any  light  unit  take  the  candle  power  from  a  light  distribution 
curve  at  the  middle  of  the  sone  and  multiply  this  candle  power  by  the  sone  factor.  Thus,  to 
obtain  the  light  flux  in  the  0  to  10-deg.  zone,  read  the  candle  power  intensity  at  5  deg.  and  multi- 
ply by  the  0  to  10-deg.  zone  factor,  etc.  Distribution  curyes  are  now  used  principally  for  de- 
termining the  proper  reflector  for  use  in  given  locations  to  secure  the  proper  light  distribution. 

6.  Essentials  of  Good  Illuini]iation.i — The  essential  characteristics  of  a  satisfactory  illumi- 
nation system  or  installation  are:  (a)  efficiency,  (h)  uniformity,  (c)  diffusion,  (d)  eye  protection, 
(e)  color  value,  and  (/)  appearance. 

6a.  Efficiency. — By  efficiency  is  meant  the  useful  percentage  of  the  total  quantity 
of  light  emitted  by  the  light  source.  By  useful  light  is  meant  the  light  which  actually  produces 
illumination  on  the  surface  or  object  desired.  It  is  light  that  remains  after  subtracting  the  light 
absorbed  by  the  reflecting  equipment  and  the  ceiling  and  walls.  Efficiency  as  used  here  is  some- 
times termed  "utilization  efficiency."  It  is  expressed  as  a  percentage  of  the  total  number  of 
lumens  incident  on  the  working  plane  and  this  percentage  is  called  "utilization  factor.''  A 
knowledge  of  utilization  factors  is  necessary  for  the  design  of  an  efficient  lighting  system.  Table* 
1  gives  utilization  factors  upon  the  working  plane  for  a  number  of  typical  conditions. 

While  efficiency  should  be  considered  in  the  design  of  a  lighting  system,  it  is  not  always  of 
prime  importance  especially  in  comparison  with  eye  protection.  It  should  not  be  sacrificed, 
however,  unless  there  is  a  corresponding  gain  in  some  other  factor.  On  large  installations,  it  will 
always  pay  to  calculate  the  cost  of  any  sacrifice  which  is  made  in  efficiency  in  order  to  be  sure 
that  it  is  justified. 

6&.  Uniformity. — By  imiform  illumination  is  meant  the  freedom  from  variation 
in  the  light  distribution  in  a  room  or  space.  When  the  same  foot-candle  intensity  is  obtained 
at  every  point  on  the  working  plane,  the  illumination  is  uniform.  Although  absolute  uniform- 
ity is  not  necessary 'in  practice,  streaks  of  excessive  brightness  and  shadows  are  to  be  avoided 
because  they  are  tiring  to  the  eyes. 

Degree  of  uniformity  is  usually  expressed  as  a  percentage  deviation  from  the  mean  or  aver- 
age. Thus,  if  the  average  illumination  is  2  foot-candles,  the  maximum  2.4  foot-candles,  and  the 
minimum  1.5  foot-candles,  the  greatest  deviation  from  the  average  is  0.5  foot-candles.  Tliis  is 
25%  of  the  average.  Therefore,  the  degree  of  uniformity  is  expressed  as  25%  maximum  devi- 
ation from  the  mean. 

Illumination  that  does  not  have  a  greater  deviation  than  30  %  from  the  mean  is,  tor  all  practical  purposes, 
uniform  illumination.  The  eye  cannot  detect  such  a  variation  in  an  ordinary  room.  Variations  considerably 
greater  than  this  are  often  found  even  in  well  laid  out  systems.  In  rooms  where  dose  work  is  to  be  performed, 
such  as  offices,  drafting  rooms,  schools  and  the  like,  30%  maximum  deviation  is  a  desirable  limit.  In  stores, 
churches,  theatres,  many  parts  of  factories,  etc.,  variations  up  to  50%  may  be  allowed.  In  such  places  as  ware- 
houses, stock  rooms,  corridors,  etc.,  still  greater  variations  in  illumination  are  not  serious. 

1  The  Lighting  Handbook,  Gen.  Eleo.  Co. 

s  Fundamentals  of  Illumination  Design,  National  Lamp  Works  of  Gen.  Eleo.  Co. 
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TaBLB   1. — COBFFICIBNTS  OF  UtIUZATION 

This  table  applies  to  installations  in  $quare  roonu  havinc  suflBdent  lighting  units  symmetrically  ar- 
ranged to  produce  reasonably  uniform  illumination.  To  obtain  the  coefficient  for  any  rectangular  room, 
find  the  value  for  a  square  room  of  the  narrow  dimension  and  add  one-third  of  the  difference  between  this 
value  and  the  coefficient  for  a  square  room  of  the  long  dimension. 


f  Ceiling 
Reflection  factor     <  WailT" 


I  Light,  70%  I     Medium.  50% 
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50% 
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Dark, 
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Dark, 
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0.42 
0.50 
0.56 
0.63 
0.70 


0.31 
0.37 
0.43 
0.49 
0.56 


0.41 
0.49 
0.54 
0.60 
0.67 


0.38 
0.45 
0.49 
0.54 
0.59 


0 
0 
0 
0 
0 


43 
52 
57 
63 
69 


0.22 
0.27 
0.31 
0.36 
0.42 


0 
0 
0 
0 
0 


27 

34 

39 

.45 

.51 


0.24 
0.30 
0.34 
0.39 
0.45 


0.23 
0.30 
0.35 
0.41 
0.48 


0.32 
0.40 
0.45 
0.52 
0.59 


0 
0 
0 
0 
0 


38 
46 
52 
59 
66 


0.27 
0.33 
0.39 
0.45 
0.52 


0.37 
0.45 
0.50 
0.56 
0.63 


0.36 
0.43 
0.47 
0.52 
0.57 


0.40 
0.49 
0.54 
0.60 
0.66 


0.19 
0.24 
0.28 
0.33 
0.39 


0.24 
0.30 
0.35 
0.41 
0.47 


0.21 
0.27 
0.31 
0.36 
0.42 


0.20 
0.26 
0.31 
0.37 
0.44 


0.28 
0.36 
0.41 
0.47 
0.54 


0.35 
0.43 
0.49 
0.55 
0.63 


0.24 
0.30 
0.35 
0.41 
0.48 


0.34 
0.42 
0.47 
0.53 
0.59 


0.34 
0.41 
0.45 
0.50 
0.55 


0.38 
0.47 
0.52 
0.58 
0.64 


0 
0 
0 
0 
0 


17 
22 
26 
31 
37 


0.21 
0.27 
0.32 
0^38 
0.44 


0.19 
0.24 
0.28 
0.33 
0.39 


0.17 
0.23 
0.28 
0.34 
0.41 


0.26 
0.33 
0.38 
0.44 
0.51 


0.36 
0.44 
0.50 
0.56 
0.63 


0.24 
0.30 
0.34 
0.39 
0.45 


0.35 
0.43 
0.48 
0.53 
0.59 


0.35 
0.42 
0.46 
0.51 
0.56 


0.39 
0.48 
0.53 
0.59 
0.65 


0.14 
0.17 
0.20 
0.24 
0.28 


0.20 
0.25 
0.29 
0.34 
0.40 


0 
0 
0 
0 
0 


16 
20 
23 
27 
32 


0.18 
0.24 
0.28 
0.33 
0.39 


0.27 
0.34 
0.39 
0.45 
0.51 


0.84 
0.42 
0.47 
0.53 
0.60 


0.21 
0.27 
0.31 
0.36 
0.42 


0.33 
0.41 
0.46 
0.51 
0.57 


0.33 
0.40 
0.44 
0.49 
0.54 


0.37 
0.46 
0.51 
0.57 
0.63 


0.12 
0.15 
0.18 
0.22 
0.26 


0 
0 
0 
0 
0 


17 
22 
26 
31 
37 


0 
0 
0 
0 
0 


14 

21 
25 
30 


0.16 
0.21 
0.25 
0.30 
0.36 


0. 
0. 


25 
32 


0.87 
0.42 
0.48 


0.33 
0.41 
0.45 
0.51 
0.57 


0.18 
0.24 
0.27 
0.31 
0.36 


0 
0 
0 
0 
0 


32 
39 
44 

49 
54 


0.33 
0.40 
0.44 
0.49 
0.54 


0 
0 
0 
0 
0 


37 
46 
51 
57 
63 


0.07 
0.09 
0.11 
0.13 
0.16 


0 
0 
0 
0 
0 


14 
18 
21 
25 
29 


0.10 
0.13 
0.15 
0.18 
0.21 


0.14 
0.19 
0.22 
0.26 
0.31 


0.23 
0.30 
0.35 
0.40 
0.46 


Uniform  illumination  can  be  obtained  by  the  proper  placing  of  lamps  and  by  the  use  of  properly  designed 
reflectors.  This  i»  shown  in  Fig.  5.  To  secure  uniform  illumination  on  the  working  plane  with  different  tyi>e8 
a<  refleotora,  the  lamps  must  be  mounted  at  different  heights.  Not  only  is  the  mounting  height  of  the  lamp  de- 
pendent upon  the  type  of  reflector,  but  also  upon  the  spacing  of  the  lamps.  A  table  of  manmum  spadngs  and 
minitq^tp  mounting  bdghts  is  given  in  Table  2. 
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Tablb  2. — Recommendbd    Maxim uu  8p agings  and  Minimum  Mounting  Heights  for 

Various  Units 
(Mounting  height  equals  distance  of  light  source  above  plane  of  illumination) 


Equipment 


*  Ratio 


Spacing 


Mounting  height 


t  Ratio 


Mounting  height 


Spacing 


PriBinatic,  mirror,  or  aluminum 

Intensive 

Focusing 

Extensive 

Indirect  or  semi-indirect 

Opal  or  porcelain  enamel: 

Bowl 

Dome 

Totally  enclosing  glass 

8omi -enclosing 


H 
IH 


H 

IM 

H 

Ht 

H 
H 
H 
H 


*  To  get  maximum  spacing  distance,  multiply  Ratio  by  mounting  height, 
t  To  get  minimum  mounting  height,  multiply  Ratio  by  spacing  distance. 
t  Height  equals  distance  between  ceiling  and  plane  of  illumination. 

6c.  Diffusion. — Diffusion  of  illumination  may  be  defined  as  the  degree  to  which 

the  light  received  at  any  point  comes  from  different 
directions  If  the  light  received  at  any  point  on  the 
plane  of  illumination  somes  from  many  directions, 
the  diffusion  is  good ;  if  it  comes  from  only  a  few 
directions,  the  diffusion  is  poor.  An  example  of 
good  diffusion  is  furnished  by  indirect  lighting  in 
which  the  light  on  the  plane  of  illumination  comes 
from  a  large  area — the  ceiling.  An  example  of 
poor  diffusion  is  illumination  obtained  from  a 
single  opaque  parabolic  reflector  which  projects  the 
light  in  a  single  direction.  A  high  degree  of  diffu- 
sion eliminates  shadows  and  glare.  Poor  diffusion 
of  illumination  is  characterized  by  excessive  bright- 
ness at  some  portions  of  the  field  of  view  resulting 
in  impaired  vision  and  discomfort  to  the  eye. 

Another  type  of  glare,  contrast  glare,  is  due  to  ezoea- 
sively  bright  light  sources  in  comparison  with  other  objects. 
Authorities  state  that  to  avoid  this  type  of  glare,  visible  light 
sources  should  not  be  more  than  200  times  as  bright  fis  their 
background,  and  preferably  not  over  100  times,  in  ordinary 
artificial  lighting  of  interiors  where  the  average  illumination 
on  the  working  plane  is  from  3  to  6  foot-candlee»  and  for 
higher  illumination  intensities  than  G  foot-candles  this  limit  of  contrast  should  be  less  than  100  to  1. 

Gd.  Eye  Protection. — The  importance  of  protecting  the  eyes  against  the  injurious 
effects  of  improperly  placed  lights,  excessive  brightness,  glare,  and  other  harmful  consequences 
of  an  improperly  designed  lighting  system,  cannot  be  too  strongly  emphasized.  Eye  protec- 
tion should  be  given  first  consideration  in  any  illumination  scheme.  In  any  well  designed 
lighting  system,  care  should  be  taken  to  so  place  and  shade  light  sources  so  that  the  bare,  brilliant 
source  will  not  be  in  the  range  of  vision  nor  will  there  be  extreme  contrasts  of  light  and  shade. 
When  reflectors  are  used  they  should  be  deep  enough  to  conceal  the  lamp  from  view  at  all  ordi- 
nary angles  of  vision.  The  glare  from  a  brilliant  light  source  is  most  detrimental  where  the 
light  source  is  close  to  the  line  of  sight.  As  it  is  moved  away  from  the  line  of  sight,  the  glare 
decreases,  and  practically  ceases  when  the  angle  between  the  line  of  sight  and  the  line  from  the 
lamp  to  the  eye  is  over  25  deg.     The  maximum  angle  of  glare  effect  is  shown  in  Fig.  6.     Three 
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dear  globe  lamps  in  the  sockets  would  be  quite  objectionable.  A  deep  panel  reflector  will  remove 
this  objection  and  prevent  harmful"  glare.  Under  all  ordinary  conditions,  deep  bowl  reflectors, 
covering  the  lamp  down  to  65  deg.,  give  suflicient  shielding  for  good  eye  protection.  It  is  evi- 
dent that  a  glass  reflector  to  be  effective  must  not  transmit  too  much  light.  The  reflectors 
should  be  of  prismatic  construction  or  the  glass  should  be  of  sufficient  opacity  to  greatly  reduce 
the  amount  of  transmitted  light.  Ground  glass  or  opalescent  glass  should  not  be  used  especially 
with  gas-filled  (Type  C)  Mazda  lamps. 

6c.  Color  Value. — The  eye  has  developed  under  the  stimulus  of  the  light  of 
the  sun  or  white  light  as  it  is  commonly  called.  The  color  of  an  illuminated  body  may  be  due 
to  several  causes.  It  is  obvious  that  the  color  of  an  object  will  depend  fimdamentally  upon  that 
of  the  illuminating  light;  but  since  we  are  so  accustomed  to  viewing  objects  by  sunlight,  in 
describing  the  color  of  an  object  the  illumination  is  always  assumed  to  be  white  light.  White 
light  or  sunlight  is  then  the  normal  light  for  ordinary  illiunination  purposes.  When  artificial 
light  sources  are  used,  the  light  should  approach  white  light  as  closely  as  possible.  In  churches, 
residences,  theatres,  and  many  classes  of  stores  and  factories,  white  light  is  not  essential  and 
the  usual  types  of  reflecting  equipment  are  entirely  satisfactory.  On  the  other  hand,  white 
light  is  quite  essential  in  establishments  such  as  drygoods  and  clothing  stores,  millinery  shops, 
art  galleries,  furniture  stores,  florists  shops,  color-printing  shops,  hospitals,  doctor's  offices,  etc., 
or  any  place  where  color  is  an  important  factor  in  determining  the  value  or  condition  of  the  object. 
In  laying  out  a  lighting  system  it 

is  usually  unnecessary  to  give  much  j j^ 

consideration  to  the  color  question,  Y        0///>y-^  ]t  X       "" 

except  to  avoid  colors  that  are  dis-  ^  ,.--H^  /tcurirmm     --J     ~^'^\ 

In   many   cases,  as   pointed   out  ,^'''      0^-^^  ^^   .,--'' 


agreeable  and  injurious  to  the  eyes.  ,-iC'       |    S^^ta 

In   many   cases,  as   pointed   out 
above,  the  shades,  reflectors,  and 


F7oor 


lamps    should   be   carefully   con-        >t'-^L  ^,.fyf./?!^/.?r!!(f?^f^!PV^JJ(?^-9f^^^ 
sidered  in  order  that  as  near  as       ^ 
possible  white  light  may  be  secured. 

6/.    Appearance. — 
The  purpose  of  illuminating  ob- 
jects is  not  merely  to  show  their     _— ^-^— — - 
presence  and  to  facilitate  move-  Fig.  6. 

ment,  but  also  to  arouse  emotions; 

that  is,  to  create  pleasurable  and  informative  impressions  on  the  human  mind.  In  other 
words,  the  ftmction  of  lighting  is  not  narrowly  utilitarian  but  it  also  has  an  esthetic  value. 
"Since  it  is  the  pattern  made  by  rays  of  varying  intensity  and  of  varying  color  on  the  retina, 
calling  up  various  reminiscences  to  our  mind,  that  enables  us  to  see,  to  understand  what  lies 
before  us,  it  follows  that  the  type  of  lighting  that  sets  in  motion  the  most  powerful  train  of 
associative  ideas  is  the  one  that  may  have  greatest  emotional  effect;  but  the  intensity  of  the 
emotional  effect  is  not  proportional  to  the  intensity  of  the  light  even  though  the  intensity  of 
that  light  may  affect  the  clearness  with  which  the  different  phjrsical  aspects  of  the  object  are 
discerned.  The  physical  aspects  are  not  always  the  most  interesting  features;  we  are  often 
m<M^  interested  in  the  memiories  called  up  by  the  object."^  Proper  lighting  is,  therefore,  of 
tremendous  artistic  importance,  and  the  illumination  engineer  and  the  architect  should  jointly 
plan  the  lighting  system  so  that  the  result  may  not  be  garish  but  artistic  and  harmonious. 

7.  The  Design  of  Lighting  Systems. — In  designing  a  lighting  system  the  following  process 
is  usually  followed:  (1)  the  selection  of  the  type  of  lighting  system  and  lighting  units,  (2)  cal- 
culation of  the  quantity  and  distribution  of  the  light  flux,  and  (3)  determination  of  the  location 
and  size  of  lighting  units. 

8.  Types  of  Lighting  Systems. — In  general,  the  different  lighting  systems  may  be  classed 
as  direct,  indirect,  and  semi-indirect.  Although  no  definitions  of  these  terms  have  been  agreed 
upon,  nevertheless,  certain  distinctions  and  characteristics  are  usually  recognized  as  explained 
in  the  following  articles. 

>  Lowell,  Illuminating  Engineerinff  Practice. 
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Direct  lighting  is  a  term  applied  to  a  system  of  lighting  in  which  the  light  is  projected  either  directly  or  by 
means  of  a  reflector  mounted  on  the  lamps  in  the  direction  of  the  objects  to  be  illuminated.  Any  lamp  enclosed 
in  a  ball  globe  or  equipped  with  a  glass  ornamental  reflector,  arranged  to  reflect  the  light  toward  the  object  illumi- 
nated, is  classified  as  direct  lighting  (Fig.  7).  The  energy  efficiency,  measured  in  watts  per  foot-candle  on  illumi- 
nated surface,  is  highest  in  direct  lighting. 

An  indirect  lighting  eyttem  is  one  in  which  all  the  light  is  first  reflected  to  the  ceiling  or  walls  from  which  it  is 
again  reflected  to  the  plane  to  be  illuminated.  Before  reaching  the  plane  of  illumination  the  light  undergoes  at 
least  two  and  perhaps  more  reflections  (Fig.  8).  Since  some  light  is  absorbed  at  each  reflection,  it  is  evident  that 
the  energy  efficiency  is  oomi>aratively  low. 


_•  •  •  • 


\ 


Pig.  ^. 


FxQ.  8. 


A  9emi-4ndireet  lighting  system  is  a  combination  of  the  direct  and  indirect  lighting  systems.  In  this  system 
a  part  of  the  light  is  projected  or  reflected  directly  upon  the  plane  of  illumination,  but  the  greater  part  is  directed 
to  the  ceilings  or  walls  from  which  it  is  reflected  to  the  proper  plane.  This  is  illustrated  in  Fig.  9.  The  different 
bowls  for  semi-indirect  lighting  should  be  of  such  density  that  when  illuminated  they  are  no  brighter  than  the  ceil- 
ing. The  energy  efficiency  of  semi-indirect  lighting  is  less  than  that  of  direct  lighting.  Indirect  or  semi-indireet 
lighting  is  nearly  always  the  best  for  offices,  schoolrooms,  and  many  other  types  of  work  rooms. 

9.  Local  and  General  Ultunination. — lUumination  may  also  be  considered  with  reference 

to  space  lighted.  We  thus  have  local  and  general  illumination.  In 
local  illumination,  attention  is  given  only  to  the  objects  or  space  to  be 
illuminated  without  reference  to  the  surro\mdings  — ^as,  for  example, 
where  a  lamp  is  used  over  a  desk.  In  general  illumination  the  light  is 
distributed  over  the  surrounding  objects  as  well  as  over  a  given  particu- 
lar space.  Local  lighting  should  not  be  used  by  itself  but  only  in  com- 
bination with  general  illumination. ' 

10.  Selection  of  Lighting  Units.' — Whether  gas  or  electric  lamps 
shall  be  used  will  depend  on  local  conditions.  Both  the  electric  in- 
candescent lamp  and  the  gas  mantle  burners  are  adapted  to  the 
illumination  of  almost  any  kind  of  interior  from  the  roughest  to  the 
most  refined.  For  the  illumination  of  certain  types  of  offices  and  in- 
dustrial plants,  the  mercury  vapor  lamp  is  also  available.  The 
color  of  the  light  from  the  mercury  vapor  lamp  is  objectionable  from 
an  artistic  standpoint  although  it  has  not  been  found  harmful.  It 
is  especially  weU  adapted  for  drafting  rooms  and  the  like. 

In  choosing  between  the  electric  incandescent  lamp  and  the  gas 
mantle  burner,  the  following  factors  will  guide  in  the  proper  selec- 
tion: (a)  relative  cost  per  1000  lumens  at  current  prices;  (6)  relative 
convenience  of  control;  (c)  blacking  of  walls  and  ceiling  by  gas;  (d)  variation  in  pressure  of 
gas  and  of  voltage  in  electric  supply;  (e)  the  relative  cost  of  glassware  and  mantle  renewals; 
(/)  no  lighting  unit  should  be  chosen  which  does  not  permit  the  use  of  proper  globe,  shade, 
or  reflector  to  secure  the  satisfactory  distribution  of  light  and  does  not  satisfy  hygienic 
requirements. 


irdtmor 
rtfltchr 


Diffusing, 


FlQ.  9. 


iPrinciples  of  Interior  Illumination  by  Cravath,  Harrison  and  Pierce,  Illuminating  Engineering  Practice,  pp. 
64  and  65. 
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'o  types,  B  ftDd  C  (Fls,  10).  The  typa  B  Ump  dUtan  {nmi  tlie  tnx  C 
lunp  in  tut  ttts  bulb  oontaina  no  iu  uid  tbs  fikmeDt  ol  tuncileD  ia 
not  eonoentnted.  The  lunp  ti  opentsd  it  lower  brilltanef  knd  hene« 
u  Bomewhmt  len  efficient.  Hie  type  C  Ump  «bo  oontaiu  >  tungsten 
SluneDt,  but  Ihii  is  ususlly  In  apinl  or  otlier  nmceatnted  form  and 
the  bulb  eontsins  lome  inert  gu.  luoh  u  nitrogeiL  The  two  type*  we 
more  ftocurstely  deoiffnated  sA  raouum  and  gao-GUed  tungsten  lamps. 
The  term  Mazda  b  h  tnde  namo. 

The  vftouum  tungsten  lamps'  are  supplied  In  sitlier  stmicht  side 
01  lound  bulbs  [or  vo'tajEia  of  110  to  12S  and  230  to  ZM)  volts.  Table 
3.  Ths  light  efflriency  nng«  (rom  7.S  ImnFU  per  watt  for  tha  10-watt 
amp  to  10.6  lumuns  pei  oatt  loi  the  lOO-watt  round  bulb  Utnp. 

The  tui«sten  Glameots  of  the  gsa  filled  lamps  are  mounted  ia  peai 
sfaapod  bulba  of  alsar  and  blue-green  colored  glaa.  The  tnds  deaigna- 
lioD  of  the  fornler  is  type  C  and  of  the  latter,  type  C-2.     The  efficienciea 

ol  the  type  C  lamps  range  from   11.5  lumens  per  wstt  lor  the  7S-watt  Fia.  10. 

110  to  I2fi-vott  lamp  to  appioiiinataly  IS  lumeni  per  watt  tor  the  1000- 
watt  lamp  of  the  same  Toltage  and  clsn.     The  type  C-2  lamin  employ  blue-flrsen  oolored  glass  for  the  bulb* 

Tablb  3.' — MuLTiPLB  TnNasTEN  Laups 
Type  B 


Watt,  per 

Bulb 

Maiimum 

Vidts     Watts 

Diameter 
(inches) 

power 

Type 

(inehca) 

no  volts 

220V0IU 

Straight  dd.                                                                                                                                                                              1 

10 

1  87              7 

R2 

75 

.8-17 

2H 

*H 

0  091 

IS 

1.47              8 

65 

128 

8-17 

2M 

*H 

0.138 

110 

35 

1:37              e 

17 

230 

8-19 

2N 

m 

0.227 

to 

1.33              fl 

378 

S-IB 

2M 

6>i 

'" 

50 

1.32              0 

52 

476 

8-19 

m 

5K 

0.455 

60 

1  29              0 

74 

586 

8-21 

2M 

5W 

0.648 

100 

1.24            10 

13 

1010 

8-30 

3« 

7H 

0.91 

25 

1  ftS              7 

R2 

190 

B-19 

2M 

6W 

0,114 

50 

1.40              G 

4.1 

422 

B-19 

0,227 

100 

900 

8-30 

W 

TH 

0.456 

46 

1420 

8-36 

0.67 

250 

1.20            10 

47 

2620 

S-40 

10 

1.14 

Round  bulb 

1 

IS 

1.53              8 

2t 

123 

0-18M 

0,138 

IS 

1  43              ( 

79 

132 

G-25 

3H 

4« 

0.136 

25 

222 

o-is>i 

2«. 

3H 

to 

2S 

1.36              6 

0-26 

m 

*H 

0.227 

12a 

40 

388 

0-25 

3H 

*H 

0.364 

60 

G-30 

5M 

0,548 

1.18            10 

66 

1100 

a-36 

4H 

7H 

0.91 

2W 

25 

1,63              7 

71 

193 

G-25 

3K 

*H 

0.114 

250 

60 

1,49              8 

43 

422 

G-25 

3M 

4« 

0.228 
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spherical 
candle 

per  watt 

ToUl 
lumuB 

Bulb 

M«in.um 

A„.™ 

Volta 

Wutta 

(LDcha) 

lenclh 

pow,r 

Type 

Cinch«) 

no  Toiw 

220VOII. 

75 

1.09 

11.53 

805 

P8-22 

100 

1,00 

13.57 

1.260 

P8-2S 

3W 

7H 

150 

0.82 

13. M 

2,050 

PS-26 

3H 

7M 

1.37 

110 

200 

O.gfl 

M.fll 

■2,B20 

PS-30 

i.sa 

300 

0.78 

PS-35 

*H 

o» 

125 

400 

0.82 

15.32 

6.1*0 

PS-^0 

10 

3.04 

500 

0.78 

10. 11 

8.050 

PS-10 

5 

10 

4  65 

IB. 98 

P8-B2 

HH 

I3W 

1000 

0.70 

17  SB 

18.000 

PS-52 

<iH 

13H 

0.10 

200 

1.00 

12  57 

2,520 

PS-30 

3H- 

8H 

0  01 

300 

13.60 

4.100 

PS-3B 

4H 

1,37 

220 

400 

14.81 

S.860 

PS-40 

s 

1.82 

2B0 

10 

a.  27 

750 

0.82 

15,32 

11.500 

P8-52 

3.41 

1000 

0.79 

16.11 

1B.100 

PS-52 

8M 

13M 

4  58 

WBtt«pM 

■pheri»t 
cndle 

Bulb 

Maximum 

^p^ 

Volti 

WntW 

pet  watt 

lumeui 

Diameter 
(incba) 

lencth 

power 

Typ« 

(inohM) 

llOvolU 

aaoToita 

76 

1.58 

8.0 

PS-22 

3% 

BH 

0.08 

100 

1,44 

8.7 

870 

PS-2S 

o.ei 

no 

150 

1.34 

8.4 

1400 

P8-2B 

3M 

7H 

1,37 

125 

10.1 

2000 

PS-30 

8H 

1.82 

300 

1,12 

11.2 

3350 

P3-3S 

*H 

m 

2.7* 

P8-40 

- 

dealred.  The  total  liiht  output  or  thf 
the  colored  bulb.  The  lumiooua  eflicir 
pa.  Recently  there  has  been  place 
bulb,  Fi(,  II. 

The  fiUmeoU  of  all  (aB-&lletJ  lami 
reened  fTom  the  aye. 


len  approximately  dayli^t  color  qu&litj  Ib 
ii  lomewhat  deoreaaed  by  the  abaorption  of 
re  of  the  same  order  ae  thoaa  of  the  vacumn 
e  market  a  (W-Glled  Ump  In  an  opaloeeut 

ntenaely  briicht  and  henoe  Bhould  always  be 


11.  Quantity  and  DlstributioD  of  Light.— The   range  of  possible  illu- 
mination intensities  for  illumination  varies  from  a  fraction  of  a  foot^candle 
to  several  thousand  foot-candles.     If  the  intensities  are  too  low,  however, 
a  impossible  to  distinguish  detail,  and  thus  there  is  a  minimum  inten^ty 
below  which  illumination  13  not  satiBtactory,      There  ia   no  sxact  limit  to 
Pjg   II  the  upper  ranges  but  considerations  of  economy  usually  limit  the  intensities 

to  the  lower  values  for  artificial  illumination,     Another  consideration  that 
determines  the  illumination  intensity  is  the  use  and  character  of  the  room  or  space  to  be  illunii- 
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Table  4. — Recommended  Illumination  Intensities  for  Dipferbnt  Classes  op  Service^ 


Class  of  service 


2« 

Method  of 

illuminatioQ 


3» 

Suitable  kind 

of  lighting 


4* 

Intensity  of  illumination, 

foot-candles 


Armory 

Assembly  room 

Auditorium 

Automobile  show  room .  . .  . 

Ballroom 

Bank,  general 

Bank,  desk 

Barber  shop 

Billiard  room: 

General 

Tables 

Bowling  all^ 

Bowling  pins 

Cafe,  general  only 

Cafe,  with  table  lights 

Card  room 

Church 

Corridors 

Court  room 

Desk 

Drafting  room 

Garage 

Gymnasium 

Hospital: 

Ward  room,  dim.  .<. 

Ward  room,  bright 

Operating  table 

Hotel: 

Bedroom 

Dining  room 

Dining  room 

Lobby 

Library: 

Stack  room 

Reading  room 

ReAding  room 

Office: 

Large 

Large 

Small  (private) 

Small,  general 

Residence: 

Hall 

Parlor 

Living  room *. 

Dining  room 

Library 

Kitchen 

Laundry 

Bathroom 

Bedroom 

Store  and  f iirnaoe  rooms 
Schools: 

Auditorium 

Blackboards 

Class  roouB 

Laboratories 

Sewing  rooms 

Shop  rooma 


G 

G 

G 

G 

G 

G 
G.  L 
G.  L 

G 

L 
G,  L 
G,  L 

G 
G,  L 

G 

G 

G 

G 

L 
G,  L 
G.  L 

G 

G 

O 

L,  G 

G.  L 

G 
G,  L 

G 

L,  G 

G 
G,  L 

G 
G,  L 
G,  L 

G 

G 

G 

G 

G 
G,  L 
G,  L 

G 
G.  L 
G,  L 

G 

G 
G 
G 
Q 

G.  L 
G,  L 


D 
D.  SI.  I 
D,  SI.  I 
D,  SI 
D,  SI 
I.  8I,D 
D.  SI. 
D,  SI.  I 

D,  SI 
D 
D 
D 
I,  SI,  D 
SI 

b 

I,  81,  D 

D,  SI 

D.  81 

D 

I,  SI,  D 

D 

D 

I.  SI 

I.  SI 

D 

SI,  D 
SI,  D 
SI 
SI,  D 

D 

SI 
SI.  D 

SI,  D 
SI,  D 
SI,  D 
SI 

SI,  D 
SI,  D 
SI.  D 
SI.  D 
SI,  D 
D 
D 
D 

SI.  D 
D 

SI,  D 
SI.  D 
SI,  D 
SI.  D 
81,  D 
D 


2.0-  3.0 
0.5-  1.5 
1.0-  3.0 
3.0-  6.0 
2.0-  5.0 
2.0-  3.0 
4.0-  6.0 
3.0-  5.0 

0.8-  1.5 
6.0-10.0 
1.0-  2.0 
4.0-  6.0 
2.0-  4.0 
1.0-  2.0 
2.0-  3.0 
2.0-  3.0 
0.5-  1.5 
2.0-  4.0 
4.0-  6.0 
6.0-12.0 
2.0-  3.0 
2.0-  4.0 

0.2-  0.3 

2.0-  3.0 

15.0-25.0 

1.5-  8.0 
2.0-  4.0 
1.0-  2.0 
2.0-  4.0 

1.5-  2.0 
3.0-  4.0 
1.0-  1.6 

3.5-  5.0 
1.5-  2.0 
3.0-  4.0 
3.0-  6.0 

0.7-  1.0 
1.0-  3.0 
1.5-  2.5 
1.0-  3.0 
1.5-  2.5 
2.0-  3.0 
1.5-  3.0 
2.0-  3.0 
1.0-  3.0 
0.4-  0.8 

2.0-  4.0 
8.0-  5.0 
3.0-  6.0 
3.0-  5.0 
5.0-10.0 
2.0-  6.0 


1328 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  7-12 


Table  4. — Continued 


Claaa  of  service 


2> 

Method  of 
illumination 


3« 

Suitable  kind 

of  lighting 


4« 

Intensity  of 
illumination,  foot-candles 


Stores: 
Large  department  stores: 

Main  floors 

Other  floors 

Stores  of  medium  siae: 

Book  and  stat'onery . . 

Clothing 

Drug  .   

Dry  goods 

I^Wniture 

Grocery 

Exclusive  small  stores: 

Light  goods 

Dark  goods 

Small  stores  in  general. 

Art 

Book 

Bakery 

Butcher 

Cigar 

Clothing 

Confectionery 

Decorator 

Drug 

Dry  goods 

Florist 

Furrier 

Grocery 

Haberdashery 

Hardware 

Hat 

Jewelry 

Millinery 

Notions 

Shoe 

Tailor 

Theatre: 

Auditorium , 

Moving  picture,  dim . . . . 
Moving  picture,  bright. . 
Station: 

Waiting  room 


G 
Q 

G 
G 
G 
G 
G 
G 

G 
G 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
O 
G 
G 
G 
G 
G 
G 
G 

G 
O 
G 

G 


SI,  I. 

D 

SJ 

[.I. 

D 

81. 

D 

SI. 

D 

81. 

D 

81. 

D 

SI. 

D 

SI. 

D 

SI.  I. 

D 

SI,  I. 

D 

SI. 

D 

D. 

SI 

D. 

SI 

D. 

SI 

D. 

SI 

D. 

SI 

D. 

SI 

D. 

SI 

D, 

SI 

D, 

SI 

D, 

SI 

D, 

SI 

D, 

SI 

D, 

SI 

D, 

SI 

D. 

SI 

d; 

SI 

D, 

SI 

D. 

SI 

D. 

SI 

D. 

SI 

SI. 

D 

SI. 

D 

SI. 

D 

D 


6.0-10.0 
4.0-  7.0 


3. 
4. 

4. 
4. 
3, 
3. 


0-  6.0 
0-  7.0 
0-  6 
0-  7 
0-  5 
O-  6 


0 
0 
0 
0 


6.0-10.0 
8.0-12.0 


6. 

3 

3. 

3. 

4. 

4. 

3. 

4. 

3. 


0 
0 
,0 
0 
,0 
0 


0-  8.0 
0-  6.0 
0-  4.0 
0-  4. 
0-  6. 
0-  7. 
0-  5. 
,0-  6. 
,0-  6. 
4.0-  7.0 
3.0-  4.0 
5.0-  7.0 
3.0-  4.0 
6.0-  7.0 
O-  4.0 
0-  6.0 
,0-  6.0 
0-  6.0 
3.0-  6.0 
3.0-  4.0 
4.0-  7.0 

1.0-  3.0 
0.1-  0.3 
1.0-  2.0 

2.0-  3.0 


3. 
4. 
4. 
4. 


*  Holophane  Works  of  Gen.  Elec.  Co.,  Engineering  Dept..  National  Lamp  Works  of  Gen.  Elec.  Co..  F.  A. 
Vaughn  and  others. 

*  In  column  2,  G  means  general  and  L  means  local  illumination. 

*  In  column  3.  D  means  direct,  SI  semi-indirect  and  I.  indirect  lighting. 

'  In  column  4,  the  intensities  of  illumination  are  those  recommended  by  various  authorities.  The  illumina- 
tion intensities  for  general  illumination  are  the  average  over  the  working  plane.  The  values  given  for  general 
and  local  illumination  are  those  recommended  for  general  lighting. 

nated.  It  canaot  therefore  be  said  that  certain  illumination  intensities  will  give  the  most  saUa- 
factory  illumination  under  all  conditions,  but  imder  the  limitations  mentioned  above,  they  will 
give  satisfactory  results.  Illumination  intensities  that  will  fulfill  these  requirements  for  various 
classes  of  service  are  given  in  Table  4. 

12.  Determination  of  Size  and  Location  of  Lamps. — When  the  type  of  lighting  and  the 
intensity  of  illumination  has  been  decided  upon,  the  next  step  is  the  determination  of  the  exact 
size  and  location  of  the  lighting  units.     The  problems  under  this  head  are  in  general  of  two 
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types :  viz.,  either  local  illumination  of  a  certain  intensity  will  be  required  while  little  considera- 
tion will  be  given  to  general  illumination,  or  minimum  and  maximum  intensities  for  general 
illumination  are  specified  and  little  regard  is  given  to  local  lighting. 

In  the  problems  of  the  first  class,  it  is  assumed  that  a  certain  number  of  foot-candles 
illumination  is  desired  at  a  particular  point.  Such  problems  are  solved  by  what  is  known  as 
the  Point-by-point  method  of  Olimdnation  calculation.  The  general  princplee  of  the  method 
are  as  follows:  In  Fig.  12,  let 

Cp  »  candle  power  of  lamp  in  the  direction  from  lamp  to  T. 
h  B  height  in  feet  of  lamp  above  the  plane  of  illumination. 
{  »  distance  in  feet  of  point  P  from  lamp. 
Ik  *■  illumination  intensity  in  foot-candles  on  horizontal  plane  at  T, 
/«  s  illumination  intensity  in  foot-candles  on  a  vertical  plane. 
Then  the  illumination  in  foot-candles  at  point  T  on  plane  TB  is 

Cv 
Illumination  *■  -jf  foot-candles 

Since  the  plane  TB  makes  an  angle  with  the  plane  of  illumination,  the  intensity  of  illumination 

on  plane  AP  at  point  P  is 

Cp 
Ik  =  -|j-  cos  ^  foot-candles 

The  candle  power  of  the  lamp  in  the  direction  of  7  is  taken  from  the  photometric  or  candle 
power  distribution  curve.  As  this'  is  usually  plotted  for  5-deg.  values  of  ^,  and  as  A  is  fixed, 
it  is  more  convenient  to  express  the  illumina- 
tion intensity  on  the  horizontal  plane  at  T  in 
terms  of  Cp,  h,  and  cos  0.     Thus, 

h* 


Z»  = 


2 


COS^  0 

r  Cp 

cos'  0 

=  -7^  cos'  0 


/•^H 


B 


In  exactly  the  same  way  the  illumination  in- 
tensity on  a  vertical  plane  can  be  calculated         p  '«. 
from  the  equation '  ji '^^ — Phrm  cf  Wum»iafion -^    [ _ 

/•  =»-f  sm*  0  «.     ,« 

«*  Pia.  12. 

where  «  is  the  horizontal  distance  from  the  point  P  to  the  vertical  dropped  from  the  lamp,  or 
TA  (see  Pig.  12),    . 

The  candle  powers  to  be  substituted  in  the  above  formulas  are  taken  from  the  distribution 
curves  in  the  particular  direction.  They  are  not  the  nominal  rated  candle  power  of  the  light 
source.  To  facilitate  calculation,  values  of  cos*  0  for  degree  intervals  are  given  in  Table  5. 
The  process  explained  above  may,  however,  be  reversed  and  the  size  of  lamp  required  to  give 
a  certain  assumed  illumination  intensity  for  local  illumination  be  calculated.  Thus,  if  /  is 
given,  we  have 

cos'  0 

That  is,  the  candle  power  in  the  desired  direction  is  obtained  by  multiplying  the  illumination 

uitensity  on  the  horizontal  plane  by       ,  ,  *    If  the  position  of  the  illumination  plane  is  not 

cos   tp 

specified,  the  result  will  be  approximately  correct  if  the  illumination  intensity  in  foot-candles 

is  multiplied  by  the  square  of  the  distance,  in  feet,  of  the  point  to  be  illuminated  from  the 

lamp.     By  comparing  the  candle  power  thus  calculated  with  the  candle  power  curves  of  lamps 
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Tabt.k  5. 

— Tabt.k 

OF  Cos*  AND  Sin* 

'^» 

sin  ^ 

sin*  4> 

COS  ^ 

0O6*  ^ 

*• 

Bin  ^ 

sin'  ^ 

COB  0 

oos*^ 

0 

0.0000 

0.0000 

1.000 

1.000 

43 

0.682 

0.317 

0.731 

0.391 

1 

0.0175 

0.0000 

1.000 

1.000 

44 

0.695 

0.335 

0.719 

0.372 

2 

0.0349 

0.0000 

0.999 

0.998 

45 

0.707 

0.354 

0.707 

0.354 

3 

0.0523 

0.0001 

1.999 

0.996 

46 

0.719 

0.372 

0.695 

0.335 

4 

0.0698 

0.0003 

0.998 

0.993 

47 

0.731 

0.391 

0.682 

0.317 

8 

0.0871 

0.0007 

0.9M 

0.989 

48 

0.743 

0.410 

0.609 

0.300 

6 

0.105 

0.0011 

0.995 

0.984 

49 

0.755 

0.430 

0.656 

0.282 

7 

0.122 

0.0018 

0.993 

0.978 

50 

0.766 

0.450 

0.643 

0.266 

8 

0.139 

0.0027 

0.990 

0.971 

51 

0.777 

0.469 

0.629 

0.249 

0 

0.156 

0.0038 

0.988 

0.964 

52 

0.788 

0.489 

0.616 

0.233 

10 

0.174 

0.0081 

0.988 

0.988 

83 

0.799 

0.609 

0.601 

0.118 

11 

0.191 

0.0069 

0.982 

0.946 

54 

0.809 

0.530 

0.588 

0.203 

12 

0.208 

0.0090 

0.978 

0.936 

55 

0.819 

0.550 

0.574 

0.189 

13 

0.225 

0.0114 

0.974 

0.925 

56 

0.829 

0.570 

0.559 

0.175 

14 

0.242 

0.0142 

0.970 

0.913 

57 

0.839 

0.590 

0.545 

0.162 

18 

0.189 

0.017S 

0.966 

0.901 

88 

0.848 

0.610 

0.830 

0.149 

16 

0.276 

0.0209 

0.961 

0.888 

59 

0.857 

0.630 

0.515 

0.137 

17 

0.292 

0.0250 

0.956 

0.875 

60 

0.866 

0.650 

0.500 

0.125 

18 

0.309 

0.0295 

0.951 

0.860 

61 

0.875 

0.669 

0.485 

0.114 

19 

0.326 

0.0345 

0.946 

0.845 

62 

0.883 

0.688 

0.470 

0.103 

SO 

0.S41 

0.0400 

0.940 

0.880 

68 

0.891 

0.707 

0.464 

0.9036 

21 

0.358 

0.0460 

0.034 

0.814 

64 

0.899 

0.726 

0.438 

0.0842 

22 

0.375 

0.0526 

0.927 

0.797 

65 

0.906 

0.744 

0.423 

6.0765 

23 

0.391 

0.0596 

0.921 

0.780 

66 

0.914 

0.762 

0.407 

0.0673 

21 

0.407 

0.0673 

0.914 

0.762 

67 

0.921 

0.780 

0.391 

0.0597 

18 

0.418 

0.0788 

0.906 

0.744 

68 

0.917 

0.797 

0.378 

0.0816 

26 

0.438 

0.0843 

0.899 

0.726 

69 

0.934 

0.814 

0.358 

0.0460 

27 

0.454 

0.0936 

0.891 

0.707 

70 

0.940 

0.830 

0.342 

0.0400 

28 

0.470 

0.104 

0.883 

0.688 

71 

0.946 

0.845 

0.326 

0.0345 

29 

0.485 

0.114 

0.875 

'0.669 

72 

0.951 

0.860 

0.309 

0.0295 

SO 

0.800 

0.116 

0.866 

0.680 

7S 

0.986 

0.878 

0.191 

0.0160 

31 

0.515 

0.137 

0.857 

0.630 

74 

0.961 

0.888 

0.276 

0.0209 

32 

0.530 

0.149 

0.848 

0.610 

75 

0.966 

0.901 

0.259 

0.0173 

33 

0.545 

0.162 

0.839 

0.590 

76 

0.970 

0.914 

0.242 

0.0142 

34 

0.559 

0.175 

0.829 

0.570 

77 

0.974 

0.925 

0.225 

0.0114 

Z^ 

0.874 

0.189 

0.819 

0.880 

78 

0.978 

0.936 

0.108 

0.00899 

36 

0.588 

0.203 

0.809 

0.530 

79 

0.982 

0.946 

0.191 

0.0OC95 

37 

0.602 

0.218 

0.799 

0.509 

80 

0.985 

0.955 

0.174 

0.00524 

38 

0.616 

0.233 

0.788 

0.489 

81 

0.988 

0.664 

0.156 

0.00383 

39 

0.629 

0.249 

0.777 

0.469 

82 

0.990 

0.971 

0.139 

0.00270 

40 

0.648 

0.166 

0.766 

0.480 

83 

0.993 

0.978 

o.m 

0.00181 

41 

0.656 

0.282 

0.755 

0.430 

84 

0.995 

0.984 

0.105 

0.00114 

42 

0.669 

0.300 

0.743 

0.410 

85 

0.996 

0.989 

0.0872 

0.0006 

Table  6. — Percent  Increase  in  Illumination 


Color  of  ceiling 


Color  of  walls 


Very  dark 
Medium. . 
Medium. . 

Very  light 
Very  light 
Very  light 


Very  dark 
Very  dark 
Medium 

Very  dark 
Medium 
Very  light 


Increase  over 
calculated  illumination 


0  per  cent 
15  per  cent 
40  per  cent 

30  per  cent 
35  per  cent 
80  per  cent 
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of  different  aizea,  the  proper  lamp  caji  be  selected.  If  photometric  curves  for  all  aizee  of  lamps 
are  not  available,  the  proper  size  can  usually  be  calculated  with  sufficiently  close  approxima- 
tion from  curves  of  one  eiie  of  lamp. 

It  is  evident  that  the  illumination  calculated  by  above  formulas  does  not  consider  the  in- 
fluence of  the  light  reflected  from  walls  and  surrounding  objects.     The  increase  in  illumination 
produced  by  this  reflected  light  ia  impossible  to  determine  in  advance,  as  it  depends  upon  the 
size  of  the  room,  type  of  reflectors, 
color,   and  condition  of  the  walls 
and     ceiling.      The     approximate 
percent  inct«ase8  are  indicated  in 
Table  6. 


niuCniiTS    ProblaiiL — The 

metiic  currc  (Fii.    13)  is  for  the 
liEht  aaurce  thut  hu  beeu  KlcQt 


phot. 


the  light  sourci 


Umpt     Thi 
T«b1» 


ghova  that  the 
for   very  light  c 

siiBbout  35%. 

BBtlon  vill  be  Bb 


LC  directioD  deaiied  is  then 

Cp  -  (3)(81'  -  102 


'  at  an,  suele  of  25  di 


Most  of  the  illumination  problems  are,  however,  of  the  second  type,  via,,  those  requiring  a 
certain  average  general  illumination.  These  problems  are  most  readily  solved  by  the  flux-of- 
light  method  of  iUuroination  calculation.  The  process  consists  in  first  determining  the  illu- 
mination desired  on  the  working 
plane,  and  also  assuming  the  spacing 
of  the  lamps  such  as  to  give  a  re- 
asonable degree  of  uniformity.  The 
next  step  is  the  calculation  of  the 
total  light  flux  in  lumens  required  to 
be  generated  by  the  lamps.  This  is 
obtained  by  the  simple  formula 
Lumens  — 

Area  (eq.  ft.)  X  intensity  (ft- -candles) 
coefficient  of  utilization 


where  A  is  the  area  of  the  working  plane,  /  is  the  desired  illumination  intensity,  and  t  is  the 
coefficient  of  utilisation  as  given  in  Table  1.     In  applying  the  foregoing  formula  the  imporUnt 
thing  is  to  eelect  the  proper  value  of  k,  due  allowance  being  made  for  dirt  and  age  of  lamp. 
The  depreciation  caused  by  duat  ia  shown  by  curves  in  Fig.  14.     If  opaque  reflectors  are  used,   ' 
J:  can  be  determined  for  most  large  interiors  from  the  distribution  curve  of  the  lamp  and  reflector 
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by  dividing  the  total  lumens  emitted  by  the  lamp  by  the  lumens  emitted  in  the  Eone  from  0  to 
70  deg.     For  smaller  rooms,  a  smaller  zone  should  be  used. 

When  the  total  number  of  lumens  required  are  determined,  there  remains  the  determina- 
tion of  the  size  of  the  lamps  and  their  location.  These  two  are  interrelated  quantities,  for  the 
number  of  outlets  is  determined  by  the  architectural  features  of  the  room,  such  as  the  ceiling 
panels,  and  considerations  of  symmetry.  The  ideal  condition  is  when  the  ceiling  is  divided  into 
a  number  of  squares  with  an  outlet  at  the  center  of  each  square.  Frequently  such  an  arrange- 
ment is  impossible;  nevertheless,  long  and  narrow  rectangles  should  be  avoided.  The  size  of 
squares  that  may  be  used  with  direct  lighting  is  given  in  Table  7.^ 

Table  7. — Desirable  Sizes  op  Squares — Direct  Lighting 


Kind  of  room 


Ceiling  height 
(feet) 


Deeirable 

length  of 

side  of  square 

(feet) 


Armorieei  auditoriumB,  churcheB,  public  hallsi  restaurants,  etc. 


Stores. 


Offices,  libraries,  school  rooms,  drafting  rooms,  eto.: 
With  additional  deek  lamps 


Without  additional  desk  lamps. 


12-16 
Over  16 

8-11 

11-15 

Over  15 

10-20 

0-12 

12-16 

Over  16 


12-16 
15-26 

8-11 
10-16 
14-22 

12-18 

7-11 

9-14 

11-18 


Note. — It  is  desirable  not  to  use  the  largest  siie  square  with  the  smallest  ceiling  height  given. 

The  most  satisfactory  spacing  of  out- 
lets for  indirect  and  semi-indirect  lighting 
depends  largely  upon  the  ceiling  height. 
The  distance  between  outlets  should  not  be 
greater  than  approximately  1%  times  the 
height  of  the  ceiling  above  the  working 
plane.  The  exact  distance  in  any  case  will 
be  determined  by  local  conditions.  In  draft- 
ing rooms  and  offices  where  close  work  is 
performed,  the  spacing  should  be  less.  Fig. 
15^  shows  the  best  spacings  that  are  re- 
quired together  with  the  best  drop  from 
the  ceiling.  Fig.  16^  shows  the  widest 
spacings  permissible.         ' 

nittstrative  Problem. — It  is  dedred  to  design  a 
lighting  system  for  a  large  office  room,  50  X  100  ft. 
and  15  ft.  high.  The  ceilings  are  white  or  very  light, 
and  the  walls  greenish  gray,  medium. 

Assuming  no  local  lighting,  the  system  ahonld 
be  designed  to  avoid  glare,  hence,  due  to  the  sixe  off 
the  room  an  indirect  system  is  selected.  By  Table 
4,  the  illumination  intensity  for  large  offices  rangee 
from  4  to  8  foot-candles.     Assume  6  foot-candles. 

Ratio  of  room  width  to  celling  height  "  on  *"  ^'^'  ^"^  ^ 

Then  by  Table  1  for  mirrored  glass  reflector  and  for  medium  walls,  the  coefficient  of  utilisation  is  0413 

Tot.1  lumen.  -  ^'^>^'.^>"'>  -  .1.000  ,^1, 

^  General  Eleotrio  Handbook. 
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AJlowinc  25%  for  the  dimming  effect  of  duet  and  depredation  of  lamps,  the  total  lumene  neoenary  is  120,000. 

Aeeording  to  chart  Fig.  15,  the  spacing  for  a  20*ft.  peiling  is  17  ft.     If  architectural  features  permit,  the  lamps 
may  be  located  as  indicated  in  Fig.  17.    If  columns  or  other  features  interfere,  adjustments  must  be  made.     This 
will  necessitate  18  outlets.     The  lumens  per 
outlet  are  » 


Lumens  per  outlet  ■■ 


120.000 
18 


-  6679 


Reference  to  Table  3  shotvs  that  a  400-  ^ 
watt  Maada   tjrpe   C   lamp   generates   6150  | 
lumens  and  a  500-watt  lamp  of  the  same  type  pit 
generates  8050  lumens.    If -the  reflectors  and  1  ^ 
ceiHngB  are  kept  clean,  the  400-watt  lamp  ^ 
may  be  used.     If  the  oflioe  is  in  a  location  JE  ^ 
where  dust  and  soot  rapidly  accumulate,  the  {  < 
SOO-watt  lamp  should  be  used.  4 

lUnstratiTe  Problem. — It  may  be  of  interest 
to  note  the  influence  of  the  height  of  the  room. 
Suppose  all  conditions  the  same  as  in  the  pre- 
ceding illustrative  problem  but  the  ceilings 
only  15  ft.  high.  How  many  outlets  and 
what  sise  of  lamp  will  give  satisfactory  results? 


£ 

0 


7^  H- 

^^  X  flt 

^^ar  tit  :3L 

^^rt::i:  !?: 

^j^mix- 

.M^^ 

mJi 

1 

ic  «  n         M  es 

Moxtmutn  Dsranos  BetiNMn  UMtv  In  nNt 

Fig.  16. 


Use  indirect  system  as  before.     Use  6  foot-candles  for  illumination  intensity. 

50 
Ratio  of  room  width  to  ceiling  height  ""  tt">  3H,  use  3 

15 

Reference  to  Table  1  for  mirrored  reflector  shows  the  coeflBioient  of  utilisation  equal  to  0.33  for  a  room  50  ft* 

square.     Ratio  of  width  to  ceiling  height 


100 
for  a  room  100  ft.  square  is  -77  ■■  6H1  use 

Id 

5.  Coefficient  of  utilisation  for  this  ratio 
is  0.39.  The  coefficient  of  utilisation  for 
a  room  50  X  100  ft.  is  then 

0.33  -f-  K(0.39  +  0.33)  -  0.35 

ToUI  lumen.-      <">""°>W, 

U.oO 

86,000,  nearly 

Assuming  as  before  25  %  /or  depreciation 
due  to  dust  and  falling  off  in  lamp  out- 
put, the  total  numl>er  ctf  limiens  neces- 
sary is  1 14,500. 

The  spacing  according  to  Fig.  15 
should  be  11  ft.  Considerations  of  ssrm- 
metry  necessitate  a  modification  of  this 
spacing.  The  outside  rows  of  lamps  may 
from  the  walls.     Across  the  room  the  lamps  may  be 


Fig.  17. 


«T 


5 


O-Ni! 


ffi 


be  placed  5.5  ft.  from  the  walls,  and  the  two  end  rows,  6  ft 

spaced  13  ft.  and  lengthwise,  11  ft.     There  will  then  be  4  rows,  9  outlets  per  row,  or  36  outlets  in  all. 

Since  114,500  lumens  are  required, 
lumens  per  outlet  equals 

11^-8180 

Reference  to  Table  3  shows  that 
200-watt  type  C  lamps  give  2920  lumens, 
hence  they  would  undoubtedly  prove 
satisafactory. 

nittstratnre  Problem. — Assume  a 
small  drygoods  store  25  X  50  ft.,  and  12 
ft.  high.  Ceiling  is  white,  walls  dark. 
How  many  and  what  sise  lamps  should  be 
used? 

Referring  to  Table  4,  the  illimiina^ 
tion  intensity  is  found  to  be  4  to  7  foot- 
candles.  Assume  5  for  moderate  lighting 
and  fiimm^  a  aemi-indirect  lighting 
system. 


r-t-- 


■H 


i  I 


f 
ii 


i!  iw   Ii   w    i   , 


H..41-H  41 
_y H 


FiQ.  18. — ^Electric  illumination. 


25  .50 

Ratio  of  width  of  room  to  ceilin^r  height  •■   ^   »  2  for  a  25-ft.  square  room  and  ^ 


12 


4  for  a  100-f t.  square 

room;  use  6  in  the  latter  case.    The  coefficient  of  utilisation  for  a  light  opal  reflector,  light  ceiling  and  dark  walls  is 

0.36 


0.32  4-  H(0.44  -  0.32)  - 

(25)  (50)  (5) 


Lumens  required  ■■ 


0.36 


-  17.400 
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AiBuiiilng  »  depnda^D  of  26%  the  Umpa  will  luTe  to  leacnte  33,250  lumcni.  Table  7  diows  that  a  ipaeinii 
of  12  ft.  ia  approtimately  ooiTBct.  Thii  will  aeceaBiCata  two  rowi  of  SluniMcaih,  or  10  Umptinall.  The  number 
of  lumeog  per  outlet  ii  23.2S0  +  10  >  232S,  and  150  type  C  Maula  Umpa  will  undoubtedly  pron  ■atufactory. 

ninstratiTe  Problem. — A  laree  clotliLii(  eture.  Fit.  IS.'  ii  to  be  lighted.  Caleulato  the  Dumber  and  aimc  o( 
lampa  required.  Dimenaionai  front  part  of  itore,  width,  60  ft.  and  leD«tli,  7S  ft.  tan  portion  of  the  Btore,  width, 
SG  ft.,  apd  ovetMB  lenith.  E6  ft,     Tbe  cotoi  of  the  ceilinc  '"  a  liobt  crwio  and  ol  the  walla,  duk- 

Batio  of  widtb  to  oailina  heisht  ~  TS  ~  *•  uearly,  lor  the  front  part  and  |g  =  3  +  for  the  rear.     Aaaume  3 

A  ditODt  lightios  lyiteni  of  Che  type  repiesented  by  0.  T»b1e  1  wu  aeleoted.  Tbe  eoelSeietit  of  utilimtion 
ie 

)  -  0.37 
706  iq.  It. 
L„n.en,  -  'iZf|M    -  ,e7,000 


deprsoistion  of  10%,  t 


the  eeiling  is  divided  iPtc 

31  baya  which  praeUcally  Bi  the  locittion  of  the  outlet*.     Lunpa 

ted  in  20  of  th»e  l«y., 

henoB,  the  lumeu  per  lamp  are  108.600  +  20  -  9930. 

o(  good  ™ioii,  600-w« 

t  type  C  Umpe  would  furnieh  enough  light.     In  thia  inattince. 

the  deterniioiiii  factor 

13.  Llghtmg  AcceBsories.'— By  lighting  accessories  are  meant  tbe  equipment,  such  aa 
reflectors,  abodes,  globes,  and  other  devices  for  modifying  and  controlling  the  light  emitted  by 
lamps.  The  usual  functions  of  such  devicesare  to  redirect  thelight;  to  diffuse  the  light;  to  inter- 
cept the  light  in  certain  directions;  to  modify  the  hue  of  the  light;  and  to  protect  the  light  source. 
These  functions  will  have  different  degrees  of  importance  in  different  installations,  bcnce  it  ia 
evident  that  to  fulfill  all  conditions  of  use,  the  number  and  variety  of  designs  of  lighting  acces- 
sories is  very  great.  Although  there  is  no  exact  line  of  demarkation  between  the  light  controi- 
ling  accessories,  nevertheless,  they  may  be  considered  under  three  separate  headings:  reflectors, 
shades,  and  globes. 

>  Bui.,   FuDdamentAia  of  Illumination  Deaicn.  Eng.  Dept.  National  Lamp  Worka  of  Gen.  Elee.  Co. 
•LitUe,  lIluminatiDg  Engineering  Practice,  p.  183. 
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ISo.  Reflectors. — All  accessories  reflect  more  or  less  light,  but  the  term  reflector 
IB  applied  to  that  class  of  lighting  accessories  whose  fimctioD  it  is  to  redirect  the  greater  per- 
centage of  the  light  incident  upon  it.  Reflectors  may  be  made  of  metal,  procelain,  or  glass; 
irith  polished  or  mirrored  surfaces,  or  of  prismatic  form.  Reflectors  may  further  be  subdi- 
vided into  two  classes— coQcentrating  and  distributing.  Sometimes  three  classes  are  listed — 
focusing,  intensive,  and  extensive.  These 
names  are  8elf-exi)lanatory  as  they  bave  re- 
ference to  the  degree  of  light  distribution  by 
the  reflector.  Fig.  20  shows  two  forms  of 
aluminum  finished  metal  reflectors  of  the  con- 
centrating and  distributing  types. 

Porcelain  eouneiod  reS«et«n  kn  made  of  Med,  the 
nSecUng  mrfwM  bcjnc  eoated  with  jHmeUin  anunel. 
Ttiia  cnuael  mating  abould  be  denH  to  that  as  little  li(ht 
u  poaible  penf-tnCa  lo  the  steel,  (oi  all  lisht  that  peoe- 
tratea  to  the  itccl  ia  abaorbed.  Far  itutustrial  liilitiag, 
AFVeral  manufaeturera  bave  placed  ou  the  market  a  pores- 
lain  enameled  reflector  disiciialiid  as  the  B.  L.  M.  Stan- 
dard. The  BpeciSoaboiu  far  tbia  type  of  reSBctnr  bave 
b«n  vorkod  out  jointly  and  ttiia  labei  ia  a  guaraDtee 
that  the  reflector  is  up  to  the  accepted  standard  in  Aiie, 
Bniah,  scrseoioc  an^lc.  aadfinisb  of  the  rt  fleeting  surf  are. 

Mimrttd  glua  refleoton  are  made  of  dear  glasa 
bloira  in  tlie  proper  abapa,  on  the  reflecting  surface  of 
which  ia  spread  a  thin  layer  of  silver.     This  layer  is  then  pr^ 

mCTusated  (Us  21). 

Pritmatie  Refi^etora. — If  a  ray  of  light  in  passing  through  glass  is  incident  on  the  surface 
opposiU  to  that  at  which  it  entered  at  an  angle  greater  than  the  critical  angle  for  that  kind  of 
glass,  it  will  be  totally  reflected.  This  is  the  principle  of  the  prismatic  reflector.  The  inner 
Bm^ace  is  usually  smooth  or  lightly 
ground  while  the  outer  surface  is 
formed  into  prisms.  These  prisma 
are  made  of  such  an  angle  that  most  of 
the  incident  light  is  reflected.  Since 
it  is  mechanically  impossible  to  con- 
struct a  prismatic  glass  reflector  so 
that  all  of  the  light  emitted  by  the 
lamp  will  be  incident  at  the  proper 
ODglp  for  total  reflection,  some  light 
passes  through.  This  light  is  diffused 
and  the  bright  filament  of  the  lamp  is 
well  screened  from  the  eye  when 
viewed  through  the  reflector  These 
reflectors  together  with  their  distribu- 
tion curves  are  shown  in  Fig.  22 

ReSectois  ftre  also  made  of  opal  (lass. 

By   the   proper   selection   of   tbickneas  and 

Fio.  21.  deniiciei.vaHed  effects  mar  be  secured.     The 

dense  opal   accessory  wben  properly  shaped 

bay  produce  an  exeelleDt  reflector  so  fsr  as  light  control  !«   concerned.     Th»s  acccaBaries  may  be  made  thin 

lather  lood  eapecially  where  the  sur(ar«  are  somewhat  roughened.     The  oiuuacteristic  candle  power  ourvea 
for  bowl  reflecton  of  opal  glau  are  ■ho«n  in  Fig.  23. 

186.  Globes  and  Shades. — Globes  and  shades  are  suitable  only  for  shading  and 
diffusing  the  light.  They  are  made  in  a  great  variety  of  forms  and  designs  and  are  usually 
made  of  some  kind  of  glass,  opal,  cased,  roughed  and  etched  crystal  and  alabaster. 
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14.  Choice  of  Accessory. — The  type  and  site  of  lamp  used  in  any  uutallation  determines 

the  type  of  reflect^jr  required  because  of  the  different  efficiencies  and  distribution  curves.  The 
type  of  reflector  to  be  used  cannot  be  determined  on  the  energy  efficiency  basis  alone;  other 
factors,  such  as  ease  of  maintenance  and  absence  of  characteristics  producing  eye  strain,  must 
also  be  considered.  A  shallow  bowl 
reflector  should  not  be  used  with  the 
long  or  mogul  beao  lampa.  In  no 
case  should  the  tip  of  the  lamp  project 
beyond  the  reflector. 

IS.  Lighting     of     Offices. — The 
general  principles  of  illumination  de- 
sign described  in  the  preceding  sec- 
tions apply  in  office  lighting  but  the 
relative    importance  of  the   several 
factors  is  not  the  same.     The  matter- 
of  first  importance  in  office  lighting 
'   are  sufficient  and  uniform   illuminas 
i   tion,   absence  of  glare,   and  efficient 
i  utilisation     of    light.    The    artistic 
i  factors  should  be  considered,  but  the 
'  hygienicfactorshouldtakeprecedence. 
ISo.  Location    and 
Fia  22.  Number  of  Lighting  Units.' — In  many 

cases,  the  constructional  features  of 
the  ceiling  of  the  office  vrill  determine  the  number  and  location  of  lighting  units.     In  the  case 
of  offices  built  to  rent,  the  lamp  outlets  should  be  located  in  such  a  way  that  if  the  offices  are  re 
modeled  to  suit  the  requirements  of  a  new  tenant,  they  may  stilt  be  usable.     This  considera- 
tion in  many  cases  will  necessitate  a  greater  number  of  outlets  than  the  existing  lighting  con- 
ditions   require.      Fig.    24    shows 
how  an  office  with  S  lighting  units 
may  be  divided  into  two  offices  and 
each  be  provided  with  adequate 
outlets.     Sometimes    it    may    be 
desirable  to  wire  locations  where  it 
is  thought  units  may  at  some  future 
time  be  desirable,  but  to  seal  the 
wires    beneath    the    plaster   until 
required. 

One  of  the  most  important  con- 
siderations  in  office  lighting  is  the 
eliminatioo  of  glare.  From  astudy 
of  the  light  distribution  of  units, 
fairly  definite  rules  have  been 
formulated  for  the  sise  of  units  and 
their  spacing  both  with  reference  to 
each  other  and  with  reference  to 
the  walls.     The  application  of  such 

rules  involves  the  width  and  length  rio.  23. 

of  the  room  to  be  lighted,  the  height 

of  the  ceiling,  and  the  height  at  which  the  sources  can  be  located  above  the  working  plane.  In  the 
case  of  indirect  or  aemi-indirect  lighting,  the  height  of  the  light  source  above  the  working  plane 
is  the  height  cf  the  ceiling  above  the  desk  and  table  tops.     The  distance  between  the  lamp  and 

I  Lighting  of  Offioca  BOd  Dnltins  KoomB,  EnciaMrinc  DeputmeDt  Kstion*)  Lunp  Work*  of  Osiunl  EasetHe 
Co. 
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ceiling  in  case  of  indirect  imd  semi-indirect  lighting  is  determined  largely  by  oonBiderationa  of 

appearance;  nevertheelse  there  are  certain 

liroilB  which  may  be  noted.     The  lamps 

should  not  be  placed  so  near  the  ceilings 

that  thecomeraappev objectionably  dark,  J  * 

Dor  should  the  lamps  be  hung  so  low  that  -£ 

light  is  directed  to   the  walls.     Between  g  a 

these  limits  variations  in  hanging  height  1 

afTect  the  efficiency  of  the  installation  very  s 

slightly.     The     recommended     ratios     of  % 

spacing  to  heiglit  of  light  source  for  satis-  ^ 

factory  office  illumination   are   given  in  J' ' ,, 

Table  S>     The  significance  of  the  several  ^ 

symbob   is  exemplified  by  the  diagiam  ^  ^ 

below  the  table.    The  principles  of  Table  8,  \ 

are  perhaps  more  readily  applied  by  the  ■  is 

aid  of  diagrams,  Pig.  25,  whose  application  ■§- 

will    be    readily    understood    from    the  J"^ 

following  illustrative  problem.  5 


Wdfti  or  Lngth  of  Offte  in  Teot 


WKJth  or  Ungth  of  OfTa 


\ 

i 

d 

WUm  or  Ungth  rf  OffM  Jn  ^Mt 


TABI.K  8. — MAXDfuif  R&Tioe  o 


'W  -  w 

* 

"^P" 

r 

L 

BytlMi 

Limit.  tM 
A 

"r;z 

more  than 
of  unit. 

H 

H 

0,8 
0.6 

lDdir«t 

\l         '         \l 

•  With  indlract  or  umi-indinct  Che  <ielUii(  ij  caii*id«Ml  tha  liaht  >o 
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Illostrathre  Problem. — It  is  necoasary  to  design  a  lighting  system  for  an  office  20  X  40  ft.  with  1 5-f t.  ceilioc 
The  ceiling  is  light  but  the  walls  are  of  moderate  reflecting  power,  medium  color.  A  totally  indirect  lighting  system 
is  to  be  used. 

Assuming  the  working  plane  to  be  30  in.  (2H  ft.)  from  the  floor,  H  '»  15  —  2H  ""  12H  't.  According  to  the 
chart  the  number  of  rows  of  lamps  for  an  office  20  ft.  wide  is  2,  and  for  an  office  40  ft.  wide,  the  number  of  rows 
is  3.  According  to  the  small  chart  at  the  right,  the  maximum  distance  the  units  should  be  from  the  wall  is  7  ft 
The  number  of  units  for  uniform  illumination  is  6,  two  rows  of  three  lamps  each.  The  lamps  may  be  located  5  ft. 
from  the  side  walls  and  10  ft.  apart  across  the  room,  and  6  ft.  from  the  end  walls  and  14  ft.  apart  lengthwise  of 
the  room.  Table  4  gives  8.5  to  5  ft.-candles  as  desirable  illumination  intensity  for  a  general  office.  Assuming 
5  ft.-candles  for  the  illumination  intensity,  the  lumens  required  are 


Lumens 


(20)  (40)  (4.5) 
0.26 


13,800 


Assuming  a  depreciation  of  25  %  the  total  number  of  lumens  necessary  is 

H(  13,800)  -  18,400 

Since  there  are  6  units,  each  will  have  to  generate  18,400  -4-  6  -■  3100  lumens,  approximately.  The  200-watt 
type  C  lamps  generate  2920  lumens  and  should  therefore  prove  satisfactory.  If  daylight  illumination  is  desiredi 
300-watt  type  C-2  lamps  should  be  used. 

16.  Industrial  Lighting. — "Insufficient  and  improperly  applied  illumination  is  a  prolific 
cause  of  industrial  accidents.  "^  To  prevent  these  accidents  as  well  as  to  protect  the  eyes  from 
the  injurious  effects  of  improperly  applied  illumination,  many  states  have  by  legislation  pro- 
vided that  the  industrial  commission,  or  other  bodies,  fix  standards  of  illumination  and  formu- 
late rules  relative  to  the  enforcement  of  such  standards.  These  rules  are  primarily  concerned 
with  the  insidious  effects  of  dim  illumination,  of  glaring  light  sources,  of  flickering  light,  of  sharp 
shadows,  of  glare  caused  by  reflected  light  from  polished  surfaces,  etc. 

For  satisfactory  illumination  by  artificial  light,  the  Industrial  Commission  of  Wisconsin 
specifies  that  the  light  shall  be  supplied  and  maintained  in  accordance  with  Table  9. 

A  more  detailed  table^  of  illumination  intensities  has  been  compiled  by  C.  E.  Clewell  from 
various  authoritative  sources.     These  data  are  given  in  Table  10. 


Table  9. — Illumination  Intensity  at  the  Work  in  Foot-candles 


(a)  Roadways  and  yard  thoroughfares 

(6)  Storage  spaces 

(c)   Stairways,  passageways,  aisles 

(e{)  Toilets  and  washrooms 

(«)   Rough  manufacturing  such  as  rough  machining,  rough  assembling,  rough 

bench  work,  foundry  floor  work 

(/)    Rough  manufacturing  involving  closer  discrimination  of  detail 

(g)  fine  manufacturing  such  as  fine  lathe  work,  pattern  and  tool  making, 

light  colored  textiles 

(A)  Special  cases  of  fine  work,  such  as  watch  making,  engraving,  drafting, 

dark  colored  textiles 

(i)    Office  work  such  as  accounting,  typewriting,  etc 


Minimum 

permissible 

intensity 


0.02 
0.25 
0.25 
0.6 

1.25 
2.0 

3.0 

5.0 
3.0 


Ordinary 
practice 


0.05  to  0.25 

0.5  to  1.0 

0.75  to  2.0 

1.5  to  3.0 

2.0  to  4.0 

3.0  to  6.0 

4.0  to  8.0 

10.0  to  15.0 

4.0  to  8.0 


Note. — The  minimum  foot-candles  specify  the  lowest  illumination  intensity  with  which  the  employes  csn 
be  expected  to  work  with  safety  when  artificial  light  is  used.  It  is  to  the  advantage  of  the  employer  to  provide 
the  intensities  of  ordinary  practice,  as  this  results  in  less  eye  strain,  greater  accuracy  of  workmanship,  increased 
production  for  the  same  labor  cost,  less  spoilage.  When  part  daylight  and  part  artificial  illumination  must  be 
used  together,  it  is  desirable  to  employ  even  higher  intensities  than  those  of  ordinary  practice  in  the  table  above. 

In  order  that  the  illumination  intensities  will  never  fall  below  the  minimum, during  the  interval  between  in* 
spections,  installations  should  be  designed  to  produce  initial  values  at  least  25  %  higher. 

^  Industrial  Commission  of  Wisconsin. 

*  C.  E.  Clewell,  Lighting  of  Factories,  p.  530,  Illuminating  Engineering  Practice. 
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Tablb  10. — Intbnsitteb  of  Illumination  Rbgommendbd  fob  Various  Classes  of  Work 

Foot-candles 

Bakery 2.0  -  3.0 

Bench  work: 

Rouch 1.6-  5.0 

Fine 3.5  -10.0 

Box  factory 2.0-4.0 

Book  binding: 

Cutting,  punching,  stitching 3.0  -  5.0 

Emboasang 4.0  -  6.0     . 

Folding,  assembling,  pasting 2.0  -  4.0 

Candy  factory 2.0  -  4.0 

Canning  plants: 

Coffee  roasting  at  tables 3.0  -  4.0 

Filling  tables 1.0-1.6 

Pftcking  tables .  1.0  -  2.0 

Packing  Ubles  (dried  fruits) 1.6-2.5 

Preserving  cauldrons 2.0—  2.5 

Prwsing  tables 1.0-1.5 

Shipping  room 1.6  -  2.5 

Cotton  mill  weaving 2.0  -  4.0 

Dairy  or  milk  depot 2.0  -  4.0 

Drafting  room 7.0 

Electrotyping 8.0  -  6.0 

Factory: 

Assembling 4.0-7.0 

Drills 2.0-4.0 

MUlers 3.0-  6.0 

Planers 3.0-6.0 

Rough  manufacturing 1 . 26-  3.0 

Fine  manufacturing 3.6  —  6.0 

Special  cases  of  fine  work 10. 0  -16. 0 

Forge  and  blaoksmithing: 

Ordinary  anvil  work 2.0  —  4.0 

Machine  forging 2.0-8.0 

Tempering 2.0  -  4.0 

Tool  forging 8.0  -  5.0 

Foundry: 

Bench  moulding 1.0  —  3.0 

Floor  moulding 1.0-2.0 

Garment  industry: 

Light  goods 3.0 

Dark  goods 7.0 

Glove  factory: 

Cutting 5.0  -  6.0 

Sorting 6.0  -10.0 

Hat  factory: 

Blockings 4.0-6.0 

Forming 3.0—6.0 

Stiffening 2.0-4.0 

Jewelry  manufacturing 3.0—  8.0 

Knitting  miU 3.0-6.0 

Laundry 3.0—6.0 

Leather  working: 

Cutting 4.0  -  6.0 

Grading CO  -  8.0 

Meat  packing: 

Cleaning 2.0-3.0 

Packing 2.0-  4.0 

Offices 3.0 

Packing  and  shipping: 

Ordisary  work • 2.0-3.0 

Pine  work 2.0-6.0 
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Paint  shop: 

Coarse  work  (first  coats) 2.0  -  4.0 

Fine  work  (finishing) 4.0-8.0 

Passageways ,^ 0.25-  0.6 

Pattern  shop  (metal) ' 4.0  -  6.0 

Pottery: 

Grinding '. 1.0  -  2.0 

Pressing 2.0-  4.0 

Power  house: 

Boiler  room 0.8  —  1.6 

Engine  room 2.0  —  3.6 

Preserving  plant: 

Cleaning ^ 2.0-4.0 

Cooking '. 2.0  -  3.0 

Printing: 

Presses 8.0-5.0 

Type-setters 6.0  -  8.0 

Sheet  metal  shop: 

Assembling 2.0  -  4.0 

Punching 3.0  -  6.0 

Shoe  shops: 

Bench  work 2.0  -  6.0 

Cutting 6.0  -  7.0 

SUk  miU: 

Finishing 3.0-5.0 

Weaving 4.0-6.0 

Winding  forms 2.0-4.0 

Stairways 0.26-  0.6 

Steel  work: 

Blast  furnace  (cast  house) 0.3-0.6 

Loading  yards  (inspection) 0.3-0.6 

Mould,  skull  cracker  and  ore  yards 0.1  -  0.3 

Open  hearth  floors  (soaking  pits  and  cast  house) 0.1-0.3 

Rolling  mills 1 .0  -  2,0 

Stamping  and  punching  sheet  metal 2.0-  5.0 

Stockroom 0.8  -  2.0 

Threading  floor  of  pipe  mills 1.0-2.0 

Transfer  and  storage  bays 0.5-  1.0 

Unloading  yards 0.1-0.3 

Warehouse 0.6-1.0 

Stock  rooms: 

Rough  materials 1.0  -  3.0 

Fine  materials 2.0  -  4.6 

Storage 0.26-  0.5 

Wire  drawing: 

Coarse 2.0  -  4.0 

Fence  machines 2.0-5.0 

Fine 4.0-8.0 

Wood  working; 

Rough 2.0  -  4.0 

Fine 3.0-5.0 

Woolen  mill: 

Picking  table. . .  .' 2.0-4.0 

Twisting 2.0  -  3.0 

Warping 3.0  -  6.0 

Weaving 4.0  -  0.6 

16a.  Height  of  Lamps.' — The  rules  for  mounting  height  given  in  preceding 
sections  also  apply  in  industrial  lighting.  It  may,  however,  be  stated  that  for  direct  lighting, 
the  lamps  should  be  mounted  as  high  as  possible.  The  chief  exceptions  to  this  rule  are  thoee 
cases  where  the  ceiling  is  very  high  relative  to  one  dimension  of  the  floor  and  where  beams,  belt- 
ing, or  the  like  obstruct  the  light  at  some  distance  below  the  ceiling. 

*  Industrial  Lighting  Cod*— Industrial  Commission  of  Wisconsin. 
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Than  «H  two  ohM  >dT«BUcca  at  mountinc  Ump*  m  Uch  u  poiribia;  (1)  wtdet  tpacinc  of  lamp*  with  equally 
IDod  diitiibution  of  Ugit;  and  (2)  tha  lampa  ua  leai  liluly  to  come  within  the  direot  range  of  vidDa,  and  hanea 
are  Jaa  likely  to  b«  a  louroa  of  eye  fatisua  and  aye  atrain  to  the  worlcer. 

lib.  Spacing  and  Size  of  Lampa. — To  facilitate  the  deaign'of  lighting  ByBtems, 
the  chart  (Fig.  26)  was  prepftred  by  Arthur  J.  Sweet,  and  is  included  in  the  Wiaconsin  Industrial 
Lighting  Code.  The  left-haad  portion  of  the  chart  is  for  determining  the  Hpacing  of  the  light- 
ing units  and  the  right-hand  portion  for  determining  the  sixe  of  lampa.  The  illumination  plane 
on  which  the  curves  are  based  is  assumed  to  be  3  ft.  above  the  floor  but  the  data  are  sufficiently 
accurate  for  a  working  plane  2^  ft.  above  the  floor.  In  uaing  the  chart  the  first  step  is  to  as- 
sume themounting  height  of  the  light  sourceabove  the  working  plane.  Assume  this  to  be  12f£  ft. 
for  a  particular  case.  Referring  to  the  left  portion  of  the  chart,  the  fine  vertical  line  correspond- 
ing to  12>i  ft.  ia  followed  to  its  intersection  with  the  horiEontal  lines.     Following  the  horizontal 


hal^of  UgMingUniTitwfinosrMrttt  OOa  cHjmtip  mmtw 

Fia.  28. 

lines  from  the  points  of  intersection  to  the  vertical  or  apacii^  scale.  It  is  found  that  the  ni 
spacing  is  11  ft.  and  the  maximum  spacing  isl?^  ft.  Thebestspacing  wijlbe  them 
these  values,  namely,  11  ft.  The  exact  spacing  to  be  used  in  any  case  will  depend  upon  the 
architectural  features  of  the  interior  and  the  character  of  the  work.  If  the  work  is  of  an  ex- 
acting or  dose  character,  the  spacing  should  approximate  the  lower  limit.  If  the  work  is  notof 
an  exacting  nature  a  wider  spacing  may  be  employed.  If  the  factory  building  has  bays  22 
X  26  fl.,  the  spacing  should  be  11  ft,  in  one  direction  and  13  ft.  in  the  other  direction,  the  average 
spacing  being  12  ft.  If  the  illumination  intensity  required  is4.00foot>^»ndies,  then  referring 
to  the  right-hand  portion  of  the  chart,  the  horizontal  line  corresponding  to  a  apacing  of  I2ft. 
is  followed  to  its  intersection  with  the  curve  representing  4.00  foot-candlee.  It  is  found  that 
this  occurs  in  the  band  representing  the  100-watt  lamp.  This  means  that  if  the  more  efficient 
types  of  reflector  be  employed,  the  100-watt  lamp  on  an  11  X  13-ft.  spacing  will  produce  an 
average  illumination  slightly  greater  than  4.00  foot-candles.  If,  however,  the  less  efficient 
types  of  reflector  be  employed,  the  100-watt  tamp  will  produce  an  illumination  not  quite  as 
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great  as  4.00  foot-candles.  If  it  is  desired  to  secure  an  illumination  of  not  less  than  4.00  foot- 
candles,  the  100-watt  lamp  may  be  employed  with  one  of  the  more  eflScient  types  of  reflector 
or  the  160-watt  lamp  with  one  of  the  less  efficient  types.  The  charts  allow  a  depreciation  of 
30%  due  to  dirt  on  reflector  and  lamp  and  deterioration  of  lamp  filament. 

The  chart  is  for  horizontal  illumination  only.  If  the  work  be  chiefly  in  the  horisontal  plane,  the  charts  may 
be  used  directly  to  determine  the  proper  sise  of  lamp  with  reasonable  accuracy.  If,  however,  the  work  be  chiefly 
in  some  vertical  plane,  the  problem  becomes  more  complicated  and  can  be  solved  only  with  roush  approximation 
by  any  general  data.  The  ratio  between  the  horizontal  and  vertical  illumination  depends  chiefly  upon  two  factors: 
position  of  lamp  with  reference  to  the  work,  and  tsrpe  of  reflector  used.  The  first  of  these  factors  so  depends  upon 
local  conditions  that  no  data  of  value  can  be  given  thereon.  As  for  the  second  factor,  the  approximate  ratio 
between  the  vertical  and  horisontal  illuminations  is  given  for  varioiis  types  of  reflectors  in  Table  11. 

Tabids  11. — Approxtmatb  Ratio  Between  the  Vertical  and  the  Horizontal 

Illumination 


Tjrpe  of  reflector 

Vertical 

illumination  in 

per  cent  of 

horisontal 

illumination 

Correction  factor 

to  be  applied  to 

sise  of  lamp  when 

Plate  I  is  used  for 

vertical  illumination 

determination 

Deep-bowl  prismatic-glass  reflector — special  industrial  unit 

Bhallow-bowl  porcelain-enameled  metal  reflector 

100 
70 
60 
55 
50 

1.0 
1.4 
1.7 
1.8 
2.0 

Deeo-bowl  mirrowed-slass  reflector 

Shallow-bowl  porcelain-enameled  reflector — ^lamp  fitted  with  shield  or  cap 
Deep-bowl  noroelain-enameled  metal  reflector 

17.  Residence  Lighting.  ^ — In  addition  to  the  general  principles  of  Illumination  design,  there 
are  some  specific  factors  which  should  be  considered.  As  in  other  installations,  the  utilitarian 
and  hygienic  factor  should  take  precedence,  but  in  addition,  the  artistic  features  are  also  of 
great  importance  and  should  receive  commensurate  consideration.  The  following  synopsis  of 
the  illumination  requirements  of  different  rooms  of  a  residence  in  connection  with  Table  4  will 
be  of  assistance  in  planning  a  lighting  system  for  a  residence. 

Living  Roam. — The  living  room  is  the  one  room  of  the  house  which  ought  to  be  most  com- 
fortable and  reposeful.  The  illumination  requirements  for  such  conditions  are  severe.  The 
ceiling  fixture  provides  a  general  illumination  which  is  desirable  and  necessary  for  certain  occa- 
sions. On  other  occasions  a  local  illumination  is  a  welcome  relief  j ust  for  the  variety  and  change 
which  it  gives,  and  from  an  artistic  viewpoint  the  glow  of  light  from  a  few  table  lamps  with  un- 
certain grades  of  light  and  shadow  intervening,  entirely  changes  the  expression  of  a  room  making 
it  more  livable  and  desirable,  and  it  is  here  that  the  lamp  itself  as  an  artistic  symbol  becomes  a 
part  and  feature  of  a  home.  To  make  possible  this  variety  in  illumination  there  should  be 
several  side-wall  outlets,  one  or  more  ceiling  outlets,  and  two  or  more  baseboard  receptacles  to 
provide  connections  for  electroliers,  piano  lamps,  or  other  devices.  The  ceiling  and  side-wall 
lights  can  be  most  convienently  controlled  by  side  wall  switches  placed  beside  the  door  through 
which  entry  is  most  often  made. 

Lower  Hall — The  illumination  requirements  of  halls  are  not  so  severe.  The  fixtures  should, 
however,  be  in  harmony  with  the  other  features  of  the  hall  and  should  possess  some  artistic 
merit.  The  outlets  should  be  located  so  that  all  parts  of  the  hall  may  be  properly  illuminated. 
Both  the  porch  light  and  the  hall  light  should  be  controlled  by  switches  near  the  front  door. 
The  lights  of  both  lower  and  upper  halls  should  be  controlled  by  three-way  switches  in  order  that 
the  lower  hall  may  be  illuminated  from  the  head  of  the  stairs  and  the  upper  hall  may  be  illu- 
minated from  the  foot  of  the  stairs.     The  stairway  should  in  every  case  be  well  illuminated. 

1  The  Electrical  Equipment  of  a  Home  issued  by  National  Electrical  Contractors  Association,   Katioosl 
Electric  Lamp  Association,  National  Electric  Light  Association. 
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Porch. — ^A  porch  light  should  be  installed  just  outside  the  entrance  aoor  so  that  it  will 
illuminate  the  steps  and  the  features  of  the  caller  without  dazzling  the  eyes  of  one  standing 
within.  Other  lights  should  be  provided  when  the  porch  is  of  such  size  that  good  illumination 
cannot  be  provided  from  one  outlet. 

Reception  Room. — ^The  first  impressions  of  a  house  are  made  by  the  reception  room.  Here 
the  artistic  features  should  be  especially  emphasized.  The  illumination  as  well  as  the  location 
of  the  lighting  units  must  depend  upon  the  character  of  the  room  itself.  A  ceiling  outlet  should 
be  provided  for  general  illlumination  and  in  addition  baseboard  receptacles  for  the  connection 
of  a  decorative  electrolier. 

Library. — ^The  general  illumination  of  the  library  should  be  by  soft  light  of  harmonious 
tone.  Baseboard  receptacles  should  be  provided  at  several  sides  of  the  room  to  permit  of  the 
use  of  portable  reading  lamps. 

Dining  Room, — In  the  dining  room  the  illumination  is  most  effective  if  provided  by  a  cen- 
tral ceiling  outlet  so  that  a  strong  mellow  light  is  shed  over  the  table  from  a  dome  or  shower 
fixture.  This  may  be  supplemented  by  side-wall  fixtures  if  the  size  of  the  room  makes  it  ad- 
visable. The  central  lights  should  be  controlled  by  a  switch  near  the  pantry  door.  It  is  very 
convenient  also  to  have  the  interior  of  the  china  closet  illuminated  by  small  low-voltage  lamps 
which  may  be  operated  by  a  separate  trasnformer  which  is  connected  in  such  a  way  that  the 
opening  of  the  doors  turns  on  the  lamps. 

Kitchen, — The  illumination  of  the  kitchen  should  be  given  careful  consideration.  Here 
the  utilitarian  features  should  be  given  precedence.  There  should  be  sufficient  general  illumina- 
tion to  make  the  objects  of  the  room  distinctly  visible.  In  addition,  local  illumination  should 
be  provided  for  the  stove,  sink,  and  work  table.  A  fixture  in  the  center  of  the  ceiling  will  usually 
suffice  for  the  general  illlumination,  and  auxiliary  side-wall  outlets  should  be  provided  for  the 
stove,  sink,  etc.  These  should  be  placed  so  as  not  to  shine  directly  into  the  eyes  when  a  person 
is  working  at  the  sink,  or  over  the  stove;  likewise,  reflection  from  the  dishes  should  also  be 
avoided. 

Pantry. — Good  illumination  of  the  pantry  is  essential,  and  in  general,  one  outlet  in  the 
center  of  the  ceiling  or  symmetrically  located  with  reference  to  the  cupboards,  will  be  sufficient. 
The  lamps  should  be  placed  high  and  equipped  with  a  reflector  that  gives  a  wide  distribution  of 
light. 

The  Laundry. — The  illumination  of  the  laundry  should  be  wholly  general  but  the  lamps 
should  be  so  located  that  the  light  is  concentrated  on  the  ironing  board  and  enough  is  shed  into 
the  closet  where  the  laundry  utensils  are  stored. 

Upper  Halt — The  lighting  of  the  upper  hall  requires  simply  a  soft  general  illumination. 
This  may  be  provided  by  either  ceiling  units,  side-wall  units,  or  both.  The  lamps  should  be 
located  so  that  the  head  of  the  stairs  is  well  illuminated.  A  turn  down  lamp  near  the  head  of  the 
stairs  is  a  great  convenience  for  it  may  be  burned  dimly  throughout  the  night.  Three-way 
switches  at  the  head  of  the  stairs  and  near  bedroom  doors  should  be  provided  for  controlling  the 
upper  hall  lights;  another  three-way  switch  at  the  head  of  the  stairs  should  be  provided  for 
operating  the  lamps  in  the  lower  hall. 

Bedroom. — If  the  room  is  large,  a  central  ceiling  fixture  should  be  installed  for  general  illu- 
mination and  bracket  wall  outlets  should  be  provided  for  illuminating  the  dressing  table,  chif- 
fonier, writing  desk,  and  at  the  head  of  the  bed.  If  it  is  inconvenient  or  too  expensive  to  provide 
enough  side-wall  fixtures  to  insure  perfect  illumination,  baseboard  receptacles  should  be  so  placed 
that  portable  lamps  may  be  used  where  necessary.  In  some  cases,  the  switches  for  controlling 
the  lamps  on  the  lower  floor  are  installed  inside  the  entrance  door  of  the  master's  bedroom. 
This  lighting  switch  is  a  most  effective  protection  against  burglars  and  is  especially  desirable  in 
suburban  houses. 

Bathroom. — The  hghting  of  the  bathroom  should  insure  a  strong  light  on  the  face  from 
both  sides  of  the  mirror  for  convenience  in  shaving.  This  will  necessitate  two  lamps  which  may 
be  sufficient  general  illumination.  An  additional  ceiling  light  may  be  installed,  however.  This 
should  be  controlled  by  a  switch  near  the  door.  Care  should  be  taken  so  that  the  bath  tub  is 
not  between  the  light  sources  and  the  window. 
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.  Sewing  Room,^-^The  sewing  room  can  best  b6  served  by  side-wall  brackets  so  placed  that 
they  direct  the  light  on  the  sewing  machine  and  table.  Glare  should  be  avoided  as  well  as 
specular  reflection  from  the  polished  parts  of  the  machine.  The  location  of  the  lamps  should 
be  determined  by  the  location  of  the  sewing  machine,  windows,  and  other  features. 

Nursery. — The  illumination  of  the  nursery  should  be  mainly  general  and  imiform  although 
some  provision  should  be  made  at  one  or  two  convenient  places  for  reading.  The  general  tone 
of  the  illumination  should  be  cheerful.  These  requirements  can  be  fulfilled  by  a  central  ceiling 
fixture  and  one  or  more  wall  units.  ^ 

Large  Closets. — ^Large  closets  should  be  provided  with  a  lamp  directly  over  the  door 
in  a  horizontal  position  or  up  against  the  ceiling.  It  should  never  be  placed  in  a  position 
such  that  inflammable  material  may  be  placed  against  it.  This  lamp  may  conveniently  be 
controlled  by  a  door  switch.  It  is  always  advisable,  however,  to  eqmp  the  lamp  with  a  puU 
chain  socket  in  order  that  the  lamp  may  be  turned  off  in  case  the  door  is  to  be  kept  open  any 
length  of  time. 

Attic, — The  shape,  size,  and  use  of  the  attic  will  determine  the  number  and  location  of 
lamps.  Only  general  illumination  of  low  intensity  will  usually  be  required.  The  lamps  should 
be  controlled  by  a  switch  near  the  foot  of  the  attic  stairs. 

CeUar. — The  cellar  should  be  provided  with  sufficient  light  to  make  it  bright  and  safe  in 
every  part.  The  greatest  necessity,  however,  is  proper  illumination  on  the  cellar  stairs,  before 
the  furnace,  m  the  fruit  room,  and  at  the  ice  box  if  it  is  located  in  the  basement.  The  cellar 
lights  should  all  be  controlled  by  a  switch  at  the  head  of  the  cellar  stairs. 

18.  Natural  or  Daylight  Illumimation. — ^In  making  provision  for  daylight  illumination,  the 
engineer  or  architect  has  no  control'of  the  light  source  and  furthermore,  he  must  adopt  the  build* 
ing  to  the  surroundings.  The  brightness  of  the  sky  varies  from  month  to  monthand  from  bour 
to  hour  on  normal  days  by  several  hundred  per  cent,  while  on  many  days  it  will  vary  by  50  to 
100%  in  the  course  of  a  few  minutes.  Such  conditions  make  the  design  of  a  natural  lighting 
system  difficult.  Were  it  not  for  the  fact  that  the  eye  has  been  developed  to  suit  daylight  the 
problem  would  be  much  more  intricate.  The  main  elements  of  the  problems  of  daylight  illumi- 
nation may  be  briefly  stated  as  follows:^ 

1.  The  determination  of  the  minimum  intensity  of  natural  illumination  below  which  artificial  illumination 
becomes  preferable. 

2.  The  determination  of  the  minimum  ratio  of  the  inside  illumination  to  sky  brightness  which  will  produce 
the  minimum  illumination  desired. 

3.  The  minimum  angle  which  a  line  from  the  top  of  a  window  makes  with  the  horisontal  at  a  given  point  in 
the  room,  or  the  relation  between  the  light  of  the  window  head  and  depth  of  the  room  for  reasonably  good  lighting. 

4.  The  width  and  distribution  of  window  glass  essential  for  proper  illumination  at  a  given  point  in  the  room. 

Many  attempts  have  been  made  to  specify  the  details  of  the  elements  of  the  problem  men- 
tioned in  the  foregoing;  the  different 'rules  advocated,  however,  seldom  agree  with  each  other. 
The  essentials  of  good  natural  illumination  specified  by  different  authorities  are  nevertheless  of 
value  for  they  may  serve  as  criteria  for  judging  the  adequacy  of  a  lighting  system  rather  than 
as  definite  specifications  in  their  design. 

18a.  Minimum  Illumination. — This  requirement  varies  widely  for  different  pur* 
poses  and  also  for  different  persons.  The  human  eyes  through  ages  of  the  influence  of  sunlight 
have  developed  an  adjustability  to  an  extremely  wide  range  of  natural  illumination  intensities. 
A  thousand  foot-candles  of  daylight  illumination  are  less  trying  to  the  eye  than  10  footr-can  lies 
of  artificial  illumination.  In  general,  it  may  be  said  that  daylight  illumination  intensities  should 
be  from  2  to  3  times  those  recommended  for  artificial  lighting  for  the  same  class  of  service.  Pho- 
tometric data  are  needed,  however,  before  definite  specifications  can  be  formulated.  An  indi- 
cation of  good  practice  is  shown  by  Table  12*  which  gives  the  average  daylight  illumination 
intensities  in  representative  manufacturing  plants.  Each  value  given  is  the  mean  of  a  number 
of  observations  made  on  both  clear  and  cloudy  days. 

1  P.  J.  Waldram,  The  Illuminating  Engineer,  vol.  7,  p.  23. 
*Ward  Harrison,  Trans.  HI.  ICng.  Soc.,  vol.  12,  p.  410. 
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Table  12. — Wobking  Intbnsitiss  of  Datligbt  iLLxnaNATioN  in  Foot-candles 


Factory  products 


Engine  lathe* 


f  Horisontal... 


I  Vertical,  Min.-Maz. 
Automatic  engfbe  lathes 


Machined  forginga. 
Special  machinery. 

Lampe 

Vacuum  cleaners. . 
Automobiles 


Automobiles*. 


Storage  batteries. 


Machine  tools  and  patterns. 
Sheet  iron  equipment 


Machine  gears. 


Hardware 


Printing  machinery. 

Sewing  machines 

Cloth 
Clothing 


Furniture. 


Average. 


10 

6-15 
14 
2-30 


10 

4-20 

10 

6-16 

17 

7-25 

5 
2-11 
10 
6-12 


6 
2-16 
10 
1-20 

7 
3-16 
10 
1-20 


10 
10-20 

5 
3-20 

10 
4-18 


Grade  of  work 


7 
2-15 

12 
2-30 

6 
2-15 

7 
3-15 

9 
11-15 
11 
3-20 

5 
2-  8 

3 
1-  3 

5 
1-6 

9 
3-35 

5 
1-12 

8 
5-18 
10 
1-20 

5 
1-15 

4 
1-8 

5 
3-10 

4 
7-15 

5 
0.6-12 

7 
3-15 


3 
0.5-9 
10 
1-15 

5 
1-10 


5 
3-11 
.5 
4-  5 

3 
0.5-  5 


8 
2-15 
5 

1-15 
4 
0.5-12 

3 

0.5-  5 

2 

2-5 

7 

3-10 


5 
1.5-10 


*8aw  tooth  roof. 

186.  Minimuin  Ratio  of  Inside  to  Outside  Ulumina-  ' 
tion.' — In  offices  and  domestic  apartments  the  requirements  of 
ordinary  comforts  will  not  be  infringed  at  any  point  where  it  is 
possible  to  read  ordinary  print  at  sunrise  and  sunset  on  a  clear 
winter,  day.  This  gives  an  illumination  of  about  0.1%  of  the 
zenith  sky,  0.2%  of  the  average  of  the  full  hemisphere,  and  0.4% 
of  the  illumination  of  a  white  card  on  the  window-sill  with  an 
unobstructed  horizon. 


For  schools,  the  desirable  minimum  b  in  the  neighborhood  of  2H  times 
as  much  as  in  offices.     This  means  that  the  darkest  desk  should    receive    a  p— 

minimum  illumination  equal  to  0.26%  of  the  senith,  0.5%  of  the  roof  light,  or   

1.0%  of  the  window-sill  illumination  with  a  free  horiaon. 


FiQ.  27. 


>  P.  J.  Waldram.  Illuminating  Engineer,  vol.  7,  p.  24. 
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19.  Relative  Value  of  Window  Space  in  Different  Positions.^ — The  data  at  present  avail- 
able give  indications  tiiat  the  light  entering  a  vertical  window  will  not  be  effective  in  illuminat- 
ing a  table  or  desk  at  a  greater  distance  from  the  window  than  twice  the  height  of  the  top  6f  the 
glass  from  the  table  or  desk  height  (Fig.  27).  This  means  that  light  entering  at  window  is 
effective  within  the  space  lying  below  a  plane  which  makes  an  angle  of  26H  deg.  with  the  hori- 
zontal. For  schools,  an  angle  of  30  deg.  appears  preferable.  If  the  table  is  assumed  to  be  3  ft. 
above  the  floor,  the  relation  between  the  window  height  and  depth  of  room  is  shown  in  following 
table : 

Height  of  top  of  glass  Depth  of  room  lighted 

above  floor  (feet) 

(feet) 

9  12 

10  14 

11  16 

12  18 

13  20 

14  22 

15  24 

It  is  evident  that  in  general  the  top  of  the  window  should  be  as  close  to  the  ceiling  as  prac- 
ticable. The  Industrial  Commission  of  Wisconsin  recommends  that  the  top  of  the  window  be 
placed  within  8  in.  or  less  of  the  ceiling. 

The  window-sill  should  not  be  less  than  3  to  3M  ft.  from  the  floor. 

20.  Size  and  Location  of  Windows. — There  is  quite  a  discrepancy  with  respect  to  the  rela- 
tive areas  of  window  space  and  floor  area  commonly  recommended.  For  school  lighting  the 
ratio  commonly  specified  ranges  from  H  ^  H-  The  Belgian  government  specifies  3^  the  floor 
area  while  Trucand  Chavemace  claims  that  J^  to  H  or  even  %  of  the  floor  area  is  the  required 

window  area.     Engelbracht  suggests  the  following  formula: 

A  ,  d^ 

^  =  5+30 

where  w  =  window  area. 

A  ^  floor  area. 

d  =  depth  of  room. 

*~  This  is  perhaps  the  most  reasonable  requirement  for  it  takes 

into  consideration  the  depth  of  the  room.  For  factories,  ofHces, 
and  buildings  used  for  similar  purposes,  the  order  of  the 
Wisconsin  Industrial  Commission  specifies  the  glass  area  should 
equal  20%  of  the  floor  area,  and  the  distance  of  any  working 
position  should  not  exceed  2.25  times  the  height  of  the  top  of  the  window  above  the  floor  where 
windows  are  on  one  side  only,  and  4.6  times  this  height  where  windows  are  on  two  sides.  This 
differs  slightly  frqm  the  recommendation  of  Waldram  as  well  as  from  that  of  Engelbracht. 
The  differences  are  not  great,  however. 

The  importance  of  the  location  of  windows  is  recognised  by  all  authorities  although  there  is  a  diversity  of 
opinion  in  regards  to  details.  They  iure  all  agreed  that  no  windows  should  be  placed  where  workers  or  pupils 
must  face  them.  Since  most  persons  are  right-handed,  one  fundamental  principle  of  proper  lighting  is  to  have 
light  come  from  the  left.  In  natural  lighting  three  systems  are  in  vogue:  unilateral*  bilateral,  and  sky-lighting. 
The  predominant  opinion  favors  unilateral  lighting  with  the  windows  on  the  left  of  the  pupils  when  seated.  Prof. 
F.  K.  Richtmcyer  recommends  that  windows  be  placed  on  only  one  side  of  school  rooms  leas  than  24  ft.  wide,  and 
bilateral  lighting  for  wider  rooms.  H.  L.  Dunatall,  an  English  architect,  objects  to  bilateral  lighting  for  it  idvca 
rise  to  conflicting  snadows  which  are  trying  on  the  eyes.  Where  neighboring  buildings  obstruct  the  sky  some  form 
of  prism  glass  may  be  used  for  the  upper  part  of  the  windows  (Fig.  28). 

21.  Natural  Lighting  of  Factories. — The  following  more  detailed  specifications  for  natural 
lighting  of  factories  are  abstracted  from  the  Industrial  Lighting  Code  of  the  Industrial  Commis- 
sion of  Wisconsin. 

21a.  Window  Frames. — The  steel  window  frame  has  approximately  25%  more 
glass  area  for  the  same  window  opening.     Steel  window  frames  are  not  subject  to  the  effect 

>  P.  J.  Waldram,  Illuminating  Engineer,  vol.  7. 
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of  moisture,  like  wooden  frames,  hence  their  operation  is  certain.  In  extra  large  openings  they 
can  be  reinforced  to  resist  wind  pressure  or  other  strains  without  noticeable  interference  with 
the  light  area. 

21b.  "Window  Glass. — Both  translucent  and  clear  glass  may  be  employed  in 
industrial  plants.  For  the  upper  and  middle  portions  of  the  windows,  clear  glass  is  preferable 
especially  where  suitable  window  shades  are  provided.  If  no  window  shades  are  provided, 
moderately  translucent  glass  can  be  employed  to  advantage  in  the  lower  portions  of  the  windows 
to  a  distance  of  approximately  6  ft.  from  the  floor. 


mautimmamutm 


^MutuaseMBaeOieimteetiia^^ 


Elevation 


Tnnaliioexit  wire  sUas,  also  called  ribbed  slaas,  in  steel  frames  is  often  desiri(ble  for  reducinc  the  fire  risk. 
The  glass  should  be  smooth  on  both  sides  to  facilitate  cleaning.  It  is  best  to  install  the  glass  with  the  ribs  horison- 
tal  because  the  prism  effect  of  the  ribs  will  direct  more  light  to  the  interior  of  the  building. 

21c  Window  Shades. — When  clear  window  glass  is  used,  shades  may  be  required 
to  exclude  direct  sunlight.  The  best  method  of  accomplishing  this  result  is  to  employ  two 
shades — a  very  translucent  shade  which  can  be  pulled  down  from  the  top,  and  a  much  denser 
shade,  but  yet  translucent  shade,  which  can  be  pulled  up  from  the  bottom.     If  only  one  shade 


FiQ.  30. 


Fia.  31. 


is  used,  it  should  be  mounted  at  the  bottom  of  the  window  and  should  be  the  dense,  slightly 
translucent  shade  mentioned  above. 

21d.  Bench  Location. — Considerations  of  good  illumination  require  that  work 
benches,  desks,  etc.,  be  located  perpendicular  to  the  windows  (Fig.  29).  With  such  an  arrange- 
ment the  effects  of  shadows  and  glare  are  practically  eliminated. 

21e.  Skylights. — Skylights  may  be  of  two  kinds  depending  upon  t)^e  form  of 
room  construction — fiat  or  monitor.  When  fiat  skylights  are  employed,  the  ribs  of  wire  glass 
should  be  installed  so  that  the  ribs  run  parallel  to  the  long  dimension  of  the  skylight.  If  this 
is  not  done,  the  light  is  diffused  over  a  narrow  area  parallel  to  the  strip  of  skylight  thus  lighting 
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one  part  of  the  room  much  more  brillUntly  than  the  remainder,  which  eondition  it  is  deeirmble 
to  avoid. 

The  illumination  near  the  center  of  the  top  floor  may  be  made  eatiafactory  by  the  use  of  flat  skylishta.  Too 
■trong  light  during  parts  of  tbe  day  is  the  chief  disadvantage  of  this  aystem. 

21/.  Monitor  Roof  Skylights. — This  type  of  construction  is  shown  in  Fig.  30. 
To  make  this  method  most  effective  the  ceilings  and  upper  walls  must  be  finished  white.  A 
special  form  of  monitor  roof  skylight  is  the  so-called  saw-tooth  construction  (see  Fig.  31). 
With  this  construction  a  nearly  uniform  intensity  and  excellent  diffusion  of  illumination  is 
loured  throughout  the  work  space.  It  is  more  adaptable  for  lighting  large  floor  areas  in  wide 
buildings  with  low  ceilings  than  the  monitor  skylight.  The  windows  of  the  skylight  should 
face  north  or  as  nearly  so  as  possible.  The  saw-tooth  skylight  is  especially  well  suited  for  light- 
ing textile  mills,  machine  shops,  foundries,  drafting  rooms,  and  dye  houses  where  careftil 
color  matching  is  done. 

Since  the  saw-tooth  windows  should  face  north,  ttiey  should  be  inclined  at  an  angle  of  20  to  30  deg.  from  the 
vertical  in  order  to  admit  some  light  from  the  upper  sky,  and  to  avoid  one  skylight  cutting  off  the  light  from  the 
next  in  the  rear.  The  interior  surfaces  of  the  saw-tooth  should  be  painted  white  to  diffuse  the  illumination.  The 
angle  at  the  peak  of  the  saw-tooth  should  be  approximately  90  deg. 

Shades  will  scarcely  ever  be  required  with  the  saw-tooth  skylight  when  they  face  north  except  in  some  offices. 
The  illtimination  of  vertical  surfaces  facing  the  skylights  will  be  higher  than  the  illumination  on  vertical  surfaces 
facing  in  the  opposite  direction;  hence,  where  strong  illumination  on  a  vertical  plane  is  necessary  the  work  should 
be  arranged  accordingly.     The  horisontal  illumination  can  be  made  practically  uniform. 


SECTION  8 
GAS  LIGHTSfG 

By  C.  M.  Janskt 

With  the  invention  of  the  incandescent  electric  lamp,  the  use  of  gas  for  lighting  rapidly 
declined,  but  with  the  invention  of  the  gas  mantle  and  the  greater  improvement  in  gas  light- 
ing fixtures,  gas  again  became  a  strong  competitor  of  electricity  in  the  field  of  illumination. 
In  many  cases  the  d<5signer  of  a  lighting  system  will  do  well  to  consider  the  possibilities  of  gas 
lighting  service.  The  installation  costs  of  a  first-class  gas  and  a  first-class  electric  lighting  sys- 
tem are  approximately  the  same,  while  in  some  instances  the  cost  of  operation  may  be  less  for 
gas  than  for  electricity. 

The  general  princifdes  of  calculating  the  illumination  produced  by  a  gas  lighting  systetn 
are  the  same  as  those  for  electric  lighting.  The  difference  lies  in  the  character  of  the  distribu- 
tion curves  and  variations  in  the  light  flux  of  the  gas  lighting  imits. 

1.  Definitions. — Gas  Pressure. — Gas,  like  any  other  fluid,  will  flow  through  pipes  only  if 
there  is  a  difference  of  pressmre  between  any  two  points  along  the  pipes.  This  difference  in 
pressure  is  indicated  by  the  height  of  a  column  of  water  supported  by  the  presswe  of  the  gas, 
which  is  obtained  by  measuring  the  difference  between  the  levels  of  a  quantity  of  water  in  a  U- 
shaped  tube,  one  end  of  which  is  connected  to  the  gas  supply,  the  other  being  open  to  the  air. 

Since  1  cu.  in.  of  water  weighs  0.03613  lb.,  to  determine  the  pressmre  of  the  gas  per  sq.  in., 
merely  multiply  the  difference  in  water  level,  that  is,  pressure  in  inches  of  water,  by  0.03613. 
Sometimes  the  pressure  is  expressed  in  terms  of  the  difference  of  .elevation  of  mercury  in  the  two 
limbs  of  a  manometer  tube.  When  this  is  done  the  water  equivalent  may  be  obtained  by  multi- 
trying  the  mercury  elevation  by  13.56,  since  mercury  is  13.56  times  as  heavy  as  water. 

Density  or  Specific  Gravity. — ^The  specific  gravity  of  gas  means  the  relative  weight  of  a 
volume  of  the  gas  and  the  weight  of  an  equal  volume  of  air  at  32  deg.  F.  and  1  atmospheric 
pressure.  Since  illuminating  gases  are  lighter  than  air,  the  specific  gravity  of  the  gas  will  almost 
invariably  be  less  than  unity. 

Heating  or  Calorific  Value. — With  the  introduction  of  the  gas  mantle  the  illuminating  prop- 
erties of  a  gas  are  no  longer  determined  by  its  composition  but  by  its  heating  value.  The  calo- 
rific value  of  a  gas  is  the  heating  power  of  the  gas  expressed  in  British  thermal  units  per  cubic 
foot  of  the  gas  at  a  temperature  of  62  deg.  F.,  and  imder  a  pressure  of  1  atmosphere,  about  30 
in.  of  mercury.  One  B.t.u.  is  the  quantity  of  heat  required  to  raise  the  temperature  of  one 
pound  of  water  from  62  deg.  to  63  deg.  F.  The  heating  value  of  the  gas  is  determined  by  burn- 
ing a  quantity  of  it  in  such  a  manner  that  all  the  heat  produced  is  transmitted  to  a  known  weight 
of  water.  By  measuring  the  increase  in  the  temperature  of  the  water,  multiplying  this  by  the 
weight  of  the  water,  and  dividing  by  the  volume  of  the  gas  consumed,  the  result  is  the  B.t.u. 
per  cubic  foot  of  the  gas. 

Gas  Candles  Power. — Although  the  quality  of  gas  is  still  sometimes  expressed  in  terms  of 
its  candle  power,  the  luminous  property  is  of  little  practical  importance.  The  candle  power  of 
a  gas  is  the  luminous  intensity  in  a  horizontal  direction  from  an  Argand  burner  or  from  the  flat 
side  of  an  open  tip  burner  consuming  5  cu.  ft.  of  gas  per  hr.,  and  is  obtained  by  direct  comparison 
with  a  standard  of  known  intensity.  It  is  an  indication  of  the  amount  of  illuminants  in  a  gas. 
With  the  mantle,  the  candle  power  is  not  determined  by  the  illuminants  but  by  the  heating  value. 
The  gas  is  thus  merely  a  fuel  for  raising  to  incandescence  the  material  of  the  mantle. 

Gaseous  Fuels. — The  gases  used  for  both  illuminating  and  heating  purposes  may  be  divided 
into  two  general  classes,  manufactured  and  naturaL  The  chemical  composition  of  gases  in 
either  of  these  classes  will  vary  and  accordingly  the  heating  values  will  vary.  Table  1  gives  the 
composition  of  manufactured  commercial  gases. 
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Tablb  1. — CouposiTioN  AND  Heatinq  Valdk  or  Commisbciai.  Gases 


Hydro- 

Methiiiw. 
CH, 

Ethyl- 
CH, 

gen, 
N. 

Carbon 

Ide. 
CO 

Oiy«en, 
O. 

Cftlboo 
CO, 

B.tu 
per 
™.fl. 

Authoriti- 

«.o 

2S.0  ■ 

IBS      ■      ,0      !                     '        OS 

'I? 

846 
2S5 

8.5 
3S,7t 

i.S 

Caibaiettdwitigu.. 

3S.0 
27.6 

0  6 

*  S>ituT&t«d  hydrocLTboDfl. 


t  UnuiturfttMl  hydroau-boiu. 

Qthn  gAHa  should  be  mentioned — do*1  (se  and 
Thp  oompoaition  of  oott  cH  will  depend  upon 
le  coal  from  vhicb  it  Ii  made.  The  beat - 
range  froin  500  to  678  B.t.u.  per  cu.  Ft. 
Acetylene  a  a  Eae  rich  in  carboD  and  mint  be  burned  with 
a  iiberai  aupply  df  air.  but  when  to  burned  ffivea  a  very 
brilliant  whitish  flame  and  producea  a  moat  useful  local 
le  of  licht.     A  Biantle  is  seldom  used  with  an  acet}-" 


Inc  TsJue 


a  halic 


B.t.u.  per  cu.  ft.  Natural  ebs,  like  eoal  (as,  wiU  var; 
greatly  in  composition  depending  upon  the  loeality  of  the 
wells.  Its  IpeciSo  gnvity  langea  from  0.S7  at  Clarion 
Co.,  Pa.,  to  l.ai  In  northwestern  Ore(on.i  The  hatinf 
'>"-  1.  value  rangH  Irom  21  to  ITSfl  B.Lu.  per  cu.  ft. 

2.  Gu  Lunps. — The  gaa  lamp  ia  ita  siinplest  form  consists  of  two  essential  pvts — the 
burner  and  the  mantle — the  former  usually  being  fitted  with  a  glass  chimQey  to  Becure  eatiafac- 
toiy  and  efficient  tUummatioD  (Fig.  1).  The  function  of  the  burner  is  to  properly  mix  the  air  &nd 
gas  and  to  direct  the  flow  of  the  mixture  so  that  when  ignited  it  will  raise  the  mantle  to  a  uni- 


Fra.  s. 


Fio.   4. 


formly  high  temperature.  Theluminouaproperty  of  the  burning  gaa  is  of  no  importance  but  its 
heaiinf;  properties  are  of  Srst  importance.  The  mantle  is  a  lacelike  hood  of  refractory  material 
which,  when  heated  to  incandescence,  givesa  brilliant  light.  The  mantle  ismade  of  someorganic 
material,  auch  as  "artificial  silk, "  impregnated  with  the  salts  of  ceria  and  thoriA.     The  character 


,1  Engioe 


'  Handbook,  p.  Oil. 
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oC  the  fabric  lued  determinee  the  meohanic&l  strength  of  the  mantle,  while  the  rare  earths  em- 
ployed determine  its  radiant  efficiency  and  the  color  of  the  light.     In  tiie  earlier  lamps  the  mantle 
was  mounted  above  and  encloaing  the  burner.    This  greatly  limited  the  use  of  the  gas  lamp,  but 
more  modem  designs  permit  the  mounting  of  the  mantle  below  the  burner  in  a  pendant  position, 
likewise,  the  lamps  may  be  single  or  multiple,  i.e.,  contain  one  or  more  burners  and  mantles. 
With  these  developments,  the  gas 
lamp  has  almost  the  same  adapts 
bleneteastbe  electric  lamp.    Some 
recent  types  of  inverted  gas  lamps 
are  shown  in  Figs.  2,  3,  and  4. 

8.  Diatdbation  Corves.— The 
light  flux  distribution  curve  of  the 
gas  lamp  depends  upon  the  reflec- 
tor in  the  same  manner  as  the  dis- 
tribution curve  of  an  electric  lamp. 
This  is  shown  by  Figs.  5  and  fl. 
Fig.  5  is  the  distribution  curve  of  a 
vertical  gas  lamp  consuming  4.66 
cu.  ft.  of  water  gas  per  hr.  with  ft 
clear  chimney.  Fig.  6  is  the  dis- 
tribution curve  of  a  similar  lamp  p^^^  ^ 
with  a  reflector  as  shown.     It  is 

thus  evident  that  in  designing  a  gas  lighting  system,  due  attention  must  be  given  to  the  type  of 
reflector  and  the  distribution  curves  produced. 

4.  Design  of  Gbb  Lighting  System. — The  first  step  in  designing  a  gas  hghting  syst«m  is 
exactly  the  same  as  for  an  electric  hghting  system ;  that  is,  thedetenniu&tion  of  the  proper  illumi- 
nation on  the  workii^  plane.     The  second  step  is  the  calculation  of  the  number  of  lumens 

necessary  to  produce  .this  desired 
illumination.  The  number  of 
lumens  emitted  by  any  lamp  may 
'  be  calculated  from  the  distribu- 
tion curve  of  that  lamp.  If  the 
mean  spherical  candle  power  of 
the  lamp  is  known,  the  total 
lumens  may  be  obtained  by  multi- 
plying the  mean  spherical  candle 
power  by  12.57.  It  is  rather  difS- 
cult  to  follow  this  procedvu'e  for 
the  coefficients  of  utilisation  for 
gas  lighting  fixtures  are  not  avail- 
able. Table  2'  gives  much  valu- 
able data  on  gas  lamps  and  reflec- 
tors. This  together  with  Table  3 
may  be  used  in  determining  the 
spacing  and  mounting  height  of 
different  types  of  lamps  of  the 
Welsbach  make.  The  radius  for 
Tta.  8.  i-toot  candles  illumination,  Table 

2,  is  the  radius  of  the  horiiontal 
^rcle  on  the  working  plane  from  a  point  immediately  beneath  the  lamp  within  which  circle 
an  average  illumination  of  4  foot-candles  will  be  produced  when  the  lamp  is  placed  at  the 
tvoper  height.  To  find  the  corresponding  radius  for  other  illumination  intensities,  the 
radius  for  4  foot-candles  is  multiplied  by  the  multiplier,  Table  3,  opposite  the  desired  iUumi- 

1  Webbach  IllumiiudDD  DkU  Book. 
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nation  intoisity.  Opposite  this  corrected  radius  will  be  found  the  mounting  height  above  the 
working  plane.  The  sones  30,  45,  and  60  deg.  for  which  calculations  are  made,  are  those 
within  which  the  light  from  the  different  reflectors  is  distributed  with  such  uniformity  upon 
a  horizontal  plane  that  the  minimum  illumination  near  the  edge  of  the  illuminated  area  will 
be  near  enough  to  the  average  for  practical  purposes.  The  sones  are  measured  from  the 
bottom  of  the  vertical  axis  of  the  lamp. 

Table  2. — ^Radius  or  Illuminatsd  Area  fob  4-foot  Candles  iLLimiNATioN  with  Dif- 

FBBBNT  Lamps  and  Glassware 


Lamp 

ManUe 

Chinou  or 
globe 

Rhade 

Cona. 
(oil.  ft. 

60  deg. 
lumens 

Radius  for 
4  f  .-o.  ilium. 

906 

4-#2 

434  aUb. 

#98  Opal 

18.8 

877.4 

8  ft.    4  in. 

906 

4-#2 

434  clear 

#98  Opal 

18.8 

879.2 

8  ft.    4  in. 

209 

4  reflex 

10  clear 

13.03 

906.0 

8  ft.    6  in. 

209 

4  reflex 

10  alab. 

13.03 

730.0 

7ft.    Sin. 

902 

1  reflex 

5  dear 

3.71 

828.0 

5  ft.    Oin. 

901 

1  reflex      ' 

6  clear 

8.71 

324.0 

5ft.    Oin. 

1911 

6  reflex 

11  clear 

17.01 

1942.0 

12  ft.    6  in. 

1911 

8  reflex 

12  dear 

11.02 

1246.0 

10ft.    Oin. 

66 

4197 

306  dear 

71  opal 

6.12 

430.7 

5  ft.    9  in. 

71 

197 

306  clear 

71  opal 

4.66 

321.0 

5ft.    Oin. 

71 

197 

306  dear 

71  gr.  opal 

4.66 

837.1 

5  ft.    2  in. 

71 

197 

806  opal 

71  opal 

4.66 

802.0 

4  ft.  11  in. 

71 

197 

42  oh. 

71  opal 

4.07 

845.0 

5ft.    Sin. 

71 

197 

42  oh. 

71  gr. 

4.07 

280.0 

4  ft.    9  in. 

71 

196 

310  c.  oh. 

316  op. 

3.70 

253.0 

4  ft.    6  in. 

71 

19B 

810  op. 

316  op. 

8.70 

230.0 

4ft.    Oin 

62 

63 

1678 

1.66 

42.5 

1ft.    6  in. 

1  reflex 

reflex 

317  TF 

442  F.  R. 

3.31 

217.4 

4  ft.    2  in. 

1  reflex 

reflex 

817  C. 

441  V.K. 

8.66 

224.1 

4ft.    Sin. 

1  reflex     * 

reflex 

317  H.F. 

602  gr. 

3.31 

812.1* 

5ft.    Oin. 

1  reflex 

reflex 

317  H.F. 

631 

3.81 

264. 8» 

4  ft.    4  in. 

1  reflex 

reflex 

317  H.F. 

602  op. 

8.31 

231.8* 

4ft.    Sin. 

1  reflex 

reflex 

817  T.F. 

631 

8.81 

304.7* 

4  ft.  11  in. 

1  reflex 

reflex 

317  F. 

604 

3.81 

210.3* 

4  ft.    lin. 

1  reflex 

reflex 

317  H.F. 

604 

3.31 

234.0* 

4  ft.    4  in. 

1  reflex 

reflex 

317  F. 

603  op. 

3.31 

326.0 

5ft.    Oin. 

1  reflex 

reflex 

317  F. 

633  en. 

3.81 

295.0 

4  ft.  10  in. 

1  reflex 

reflex 

317  H.F. 

633  en. 

3.31 

321.0 

5ft.    Oin. 

1  reflex 

reflex 

317  T.F. 

E-1 

4.20 

538.9 

6  ft.    6  in. 

1  reflex 

reflex 

317  T.F. 

I-l 

4.20 

368.0* 

5  ft.    4  in. 

1  reflex 

reflex 

817  C. 

F-1 

4.20 

292. Of 

4  ft.  10  in. 

1  reflex 

reflex 

817  T.F. 

3416 

3.66 

844.0 

5ft.    Sin. 

1  reflex 

reflex 

317  T.F. 

1602 

3.65 

380.0 

5  ft.    6  in. 

1  reflex 

reflex 

317  H.F. 

1602 

3.65 

344.0 

5  ft.    3  in. 

1  reflex 

reflex 

317  T.F. 

0918 

3.74 

424.0 

5  ft.    9  in. 

reflex-20 

403 

376  C. 

224  op. 

8.69 

1203.0 

9  ft.    9  in. 

reflex>20 

403 

376  C. 

7160  holo. 

8.69 

1346.0 

10  ft.    4  in. 

reflex-20 

403 

376  C. 

222  op. 

8.69 

1146.0 

9  ft.    6  in. 

reflex-20 

403 

376  C. 

224  Al. 

8.69 

1097.0 

9  ft.    4  in. 

reflex-20 

403 

376  C. 

248 

8.69 

1113.0 

9  ft.    6  in. 

reflex-20 

403 

876  C. 

228  Op. 

8.69 

1016.0 

9ft.    Oin. 

reflex-20 

403 

376  V.K. 

244  Al. 

8.69 

883.0 

8ft.    Sin. 

376  V.K. 

362 

8.69 

1077.0 

9ft.    Sin. 

open  flame 
intenso 
4  reflex 
4  reflex 

3-Ref. 
40 
40 

7.23 

10.62 

1.70 

1.70 

90.0 
942.0 
144.5 
222.5 

2ft.    Sin. 
8  ft.    9  in. 
3ft.    Sin. 
4ft.    Sin. 

910  C. 

423  C.R. 
9421 

828  T.F. 

48  reflex 
48  reflex 
1800 

3-33 
3-33 
8-33 

8C. 

8  Al. 
1806  Al. 

6.72 
7.21 
7.14 

908.0 
638.0 
707.0 

8 ft.    Sin. 
7  ft,    Hn. 
7  ft.    6  in. 

*  «  lumens  m  45  deg.  sone. 
t  ■■  lumens  in  30  deg.  sone. 
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ft.-C*Il<llM 

MultiplW 
terndiiu 

MountiiK  bocht  abova  nrkina  plans 

r»dio. 

Mdx. 

4Sd<c. 

30  dag. 

m    ■ 

2 
6M 

IN 

I     , 

*i 

ii. 

2  ft.  6in 

3  ft.  0  in 
3  ft.  Bin 

lft.Oin 

5tt.0U 

S  ft.  fl  iD 

sftfliB. 

7  ft.  0  in 

7  ft.  e  in 

8  ft.  0  in 
B  It.  e  in 

10  ft.  0  in 

Itt.    Sin 

att,    Oin 
a  ft.    4  in, 

a  ft.  11  in 
att.    2  In 

3  ft.    Bin 
*fl.    Din 

*It.    Tin 

4  ft.  11  in 

611.    Sin 
a  ft.    9  In 

2  It.  S  in. 

3  ft.  8  in. 

4  ft,  0  in. 

6  ft.  Oin. 
B  f  t.  «  in, 

«ft.flin. 

7  It.  0  In. 

7  ft.  e  in. 

8  ft.  0  in. 
8  It.  fl  Id. 

«  ft.  8  in. 
10  It.  0  in. 

S  ft.  3  in. 
« It.  0  in. 
7  It.  0  in. 
7  ft.  B  in. 
8ft.Sin. 

»    n    z£    £□    la    ifl    w    iz    »    0 

MetgH  rfinantli  o boy*  floor  in  t**!-. 
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IllustratiYe  Problem. — What  must  be  the  mounting  height  of  a  No.  20  Reflex  lamp  with  a  No.  248  reflector, 
in  order  to  produce  an  average  illumination  of  6  fooV-candles,  and  how  far  apart  should  the  lamps  be  spaced? 

By  Table  2,  the  illumination  radius  for  4  foot-candles  is  0  ft.  5  in.  The  multiplying  factor  for  6  foot-candles 
is  H>  Table  3.  The  corrected  radius  is  ^  X  113  in.  »  92  in.  -  7  ft.  8  in.,  practically,  7  ft.  6  in.  Referring  to 
Table  3  we  find  that  for  a  60-deg.  sone,  the  mounting  height  is  4  ft.  4  in.  and  for  a  45-deg.  sone,  it  is  7  ft.  6  in. 
above  the  illumination  plane.  If  the  lamps  are  thus  mounted  15  ft.  apart,  the  illumination  intensity  will  be  about 
6  foot-candles. 

Arthur  Sweet  has  prepared  for  the  Industrial  Commission  of  Wisconsin  a  chart,  Fig.  7, 
for  determining  the  proper  spacing  and  size  of  gas  lamps  to  produce  a  desired  illumination 
intensity.  This  is  used  in  exactly  the  same  way  as  chart,  Fig.  26,  p.  1341.  Theresult,  how- 
ever, is  given  in  cubic  feet  of  gas  per  hour  required  and  number  of  mantles  instead  of  watts. 

Illustrative  Problem. — An  illumination  intensity  of  0  foot-candles  is  required.  The  lamps  are  to  be  mounted 
12  ft.  above  the  floor.     What  is  the  minimum  and  maximum  spacing  and  what  gas  consumption  will  be  required? 

Maximum  Spocing  In  Feet 


Flo.  8. 

Referring  to  the  chart,  we  see  that  the  minimum  spacing  is  11  ft.  6  in.  and  the  maximum  spacing  18  ft.  The 
exact  spacing  in  any  case  will  depend  upon  local  conditions.  Assuming  a  spacing  of  15  ft.,  we  find  that  the  faori- 
aontal  line  corresponding  to  this  spacing  intersects  the  6  foot-candle  curve  in  the  space  corresponding  to  a  &-mantle 
14  cu.  ft.  per  hr.  lamp.  For  a  spacing  of  13  ft.,  one  3-mantle  0.20  cu.  ft.  per  hr.  lamp  will  g^ve  the  desired 
illumination. 

5.  Semi-indirect  Gas  Illumination. — With  the  development  of  the  inverted  mantle,  aemi- 
indirect  illumination  was  made  possible.  The  problem  of  determining  the  location,  spacing, 
height,  and  size  of  lamp  for  semi-indirect  gas  illumination  is  the  same  as  for  electric  illumination. 
The  coefficients  of  utilization  are  of  about  the  same  order  of  magnitude  as  for  semi-indirect 
electric  illumination — seldom  will  this  be  over  40%.  The  type  of  fixture,  condition  of  reflecting 
surface  of  the  reflector,  and  of  the  walls  and  ceiling,  are  important  factors.  Unless  exact  data 
are  available,  the  light  flux  emitted  by  a  burner  consuming  1  cu.  ft.  of  gas  per  hr.  for  indirect 
lighting  may  be  assumed  to  be  250  lumens.  With  this  data  the  size  of  lamps  necessary  can  be 
determined  with  reasonably  close  approximation. 

Illustrative  Problem. — A  store  25  X  50  ft.  is  to  be  illuminated  by  semi-indirect  gas  lamps.  If  the  ceilings  are 
12  ft.  high,  how  many,  what  siie  lamps  are  required,  and  how  should  they  be  spaced?  The  ceiling  is  white  and 
walls  are  mediuci. 

According  to  Table  1,  p.  1321 ,  the  coefficient  of  utilisation  for  a  semi-indireot  eleetric  lighting  system  for  »  room 
of  the  siae  specified,  is  about  37  % .  Assuming  the  coefficient  of  utilisation  for  gas  lighting  to  be  the  same,  and 
assuming  0  foot-candles  to  be  the  illumination  intensity  desired,  the  total  lumens  necessary  eqvMts 

Luien.  -  '"XMXe  _  ^^ 3^ 
U.Of 
If  each  cubic  foot  of  gas  produces  250  lumens,  then  the  gas  required  per  hoxit  equals  20,800  +  250  ■•  81,  and  assum- 
ing each  burner  to  consume  3  cu.  ft.  per  hr.,  the  number  of  mantles  required  is  81  •<-  3  ■>  27. 
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SECTION  9 

GAS  FITTING 

By  C.  M.  Janskt 

Gas  used  for  heating,  illumination,  and  other  purposes  is  distributed  through  the  buildings 
by  means  of  wrought-iron  or  steel  pipes  which  are  coupled  or  connected  by  special  parts  called 
fittings.  The  term  pipe  fUttng  is  used  to  designate  the  work  of  putting  together  various  lengths 
of  pipes  and  their  connecting  parts. 

1.  Gas  Pipe. — Most  of  the  pipe  now  used  for  the  distribution  of  gas  is  made  of  a  low-carbon 
acid  Bessemer  steel.  This  steel  welds  readily  and  it  has  nearly  displaced  wrought  iron  for  this 
purpose.  The  seams  of  gas  piping  are  welded  by  one  of  two  methods :  pipes  of  l^i-in,  diameter 
or  under  are  butt  welded,  and  those  over  1^-in.  diameter  are  lap  welded.  Welded  pipes  may 
have  defects  and  hence  each  piece  should  be  carefully  inspected  before  it  is  installed.  The  most 
common  defects  are: 

1.  Drfeetive  loalcb,  that  is.  the  seam  may  be  imperfectly  joined. 

2.  Cracks. — These  originate  in  the  ingot  as  blowholes,  shrinkage  cracks,  or  other  defects.  As  the  ingot  is 
rolled  out  in  a  sheet  these  defects  lengthen  out. 

3.  Bliaters. — These  are  caused  by  "piping,"  or  cavity  in  the  ingot,  and  heat  swells  them  •above  the  surface 
when  the  pipe  is  formed. 

4.  Seaie  PiU  and  Sand  Marht. — These  are  small  indentations  caused  by  rolling  scale  or  sand  into  the  surfaces 
of  the  plate  from  which  the  pipe  is  formed. 

Welded  steel  pipe  is  made  in  standard  sizes  designated  in  inches,  as  follows:  }^,  >^,  ^,  ^i, 
5i,  1,  iHf^Hi  2,  2M,  3,  3>i,  4,  4>i,  and  in  sizes  of  even  inches  from  5  to  12  in.  inclusive.  These 
sizes  refer  to  the  inside  diameters  of  the  pipes,  but  as  a  matter  of  fact,  they  are  only  nominal 
as  the  actual  diameters  differ  more  or  less  from  the  designated  diameters.  While  pipe  is 
designated  by  its  nominal  inside  diameter,  it  is  standardized  in  size  in  outside  diameters. 

Steel  pipe  may  be  obtained  either  galvanized  or  plain,  and  some  maker?  coat  it  with  as- 
phalt or  tar.  A  pipe  is  now  made  particularly  smooth  and  free  from  scale  by  welding  it  slightly 
over  size  and  reducing  it  to  proper  dimensions  in  sizing  rolls. 

2.  Dimensions  of  Standard  Iron  Pipes.' — The  following  table  shows  the  standard  dimen- 
sions of  iron  pipe,  including  standard  threads  for  ends  of  the  pipe.  These  standard  sizes  are 
made  in  wrought  iron,  mild  steel,  and  brass  as  pommerical  products. 

In  ordering  iron  pipe  it  is  necessary  to  designate  only  the  size  of,  pipe  required  as  given  in 
the  first  column  of  the  table,  without  any  mention  of  thickness. 


I  From  Danforth's  Mooh.  Process,  p.  401. 


Actual 

Actual 

Sise 

outside 

Thickness 

Threads 

Bise 

outside 

Thickness 

Threads 

(inches) 

diameter 
(inches) 

(inches) 

per  inch 

(inches) 

diameter 
(inches) 

(inches) 

per  inch 

H 

0.405 

0.068 

27 

3H 

4.0 

0.226 

8 

yi 

0.54 

0.088 

18 

4 

4.5 

0.237 

8 

H 

0.675 

0.091 

18 

4H 

5.0 

0.246 

8 

H 

0.84 

0.109 

14 

5 

5.563 

0.269 

8 

« 

1.06 

0.113 

14 

6 

6.626 

0.280 

8 

1 

1.316 

0.134 

IIH 

7 

7.626 

0.301 

8 

IH 

1.66 

0.140 

HH 

8 

8.626 

_0.322 

8 

IH 

1.9 

0.146 

llH 

9 

9.626 

0.344 

8 

2 

2.376 

0.154 

llH 

10 

10.76 

0.366 

8 

2H 

2.876 

0.204 

8 

il 

11.76 

0.375 

8 

3 

3.5 

0.217 

8 

12 

12.76 

0.375 

8 
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S.  Pipo  Flttlnga. — Pipe  fittings  ftre 
made  in  Btondard  forma,  siiea,  and 
threads  to  agree  with  etandard  traee  of 
pipes.  Fittings  of  one  manufacture  may 
thus  be  used  with  piping  of  another 
manufacture  although  difficulty  is  occa- 
nonaUy  found  ia  pipe-fitting  due  to  the 
fact  that  the  slightly  tapered  threads  on 
both  pipe  and  fittings  are  cut  too  deep 
or  too  shallow.  Fig.  1  together  with 
the  explanatory  table, >  gives  information 
concerning  etandanl  forms  of  fittings 
some  of  which  are  not  common  on  gas 
installations. 


• — EiftmpJefl  of  pipe  Sttinf. 


IUf«eii» 

No. 

ntuns 

SiH 
(iDehtt) 

StyU 

^ 

H 
H 
H 
H 
H 
H 

H 

H     . 
H 
H 
Hxi 
Ji  X  I  X  1 
H 
H 
H 

H 
H  X  1 

5i 
H 

H 

HXH 
MXi 

M 
Hx  Ji 
Hxi 

H 

« 

1 

H 
H 
H 
H 
H 
H 

Msltcabte,  plain 
MoUuble,  pUin 

M^labU,  pUIn 

ss 

46-det.dbow 

38 

Redudog  coupltaB 

M«ll«ble.  pUn 

30 

M.llmbl>.  pl«ln 

I  DBotartli'*  Mtch.  Proc«H. 


1358 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  »-4 


Fittings  are  made  of  cast  iron  or  malleable  iron.  The  malleable  iron  fittings  are  adapted 
to  high  pressures.  They  are  made  in  two  styles  known  as  beaded,  that  is,  with  a  rolled  rim  at 
the  opening;  and  plain,  without  a  rim.  Cast-iron  fittings  are  more  bulky  than  the  malleable 
fittings  and  are  used  for  pressures  of  not  over  150  lb.  Iron  fittings  are  either  black  or  galva- 
nized. The  latter  should  be  used  in  connecting 
gas  pipes. 

4.  Tools  Used  In  Pipe  Fitting.  ^ — ^The  hand 
tools  ordinarily  used  in  pipe  work  are  shown  in 
Fig.  2.  The  pipe  vise  holds  pipe  for  cutting,  thread- 
ing, and  fitting  parts  together.  The  tongs  and 
wrenches  grip  the  pipe  for  holding  or  turning. 
Dies,  made  with  standard  threads,  are  held  in  the 
die  stock  when  in  use.  Each  size  of  pipe  die  has 
a  bushing  which  fits  in  the  stock  behind  the  die  to 
steady  the  stock  on  the  pipe  end. 

5.  Flow  of  Gas  in  Pipes. — In  order  that  the 
gas  appliances  may  operate  at  maximum  efficiency 
they  must  be  supplied  by  the  proper  amount  of  gas 
at  the  proper  pressure.    This  means  that  the  pipes 

must  be  of  ample  size  so  that  the  pressure  will  not  be  materially  reduced.     The  size  of  the  pipe 
will  depend  upon  the  number  of  outlets  to  be  supplied  and  the  length  of  pipe. 

The  standard  formula  for  calculating  the  size  of  pipe  is  that  of  Prof.  Pole  as  follows: 


Fio.  2. — ^Pipe  fitting  took. 


in  which  d 

Q 
Pi 
P. 

L 

p 
C 


\C*(Pi  -  P«) 

diameter  of  pipe,  in  inches, 
cubic  feet  of  gas  per  hour, 
initial  pressure,  inches  of  water, 
terminal  pressure,  inches  of  water, 
length  in  feet. 

specific  gravity  of  gas,  air  1. 
constant  »  2340,  about. 


Experience,  however,  shows  that  the  actual  diameter  should  be  considerably  larger  than  the 
theoretical  diameter  given  by  Pole's  formula.  Furthermore,  allowances  must  be  made  for  par- 
tial obstruction  of  the  pipe  due  to  rust  and  condensed  hydrocarbons.  This  allowance  should 
be  about  one-third  for  smooth  lead  pipes  and  one-half  for  iron  pipes.* 

lUttstimtiTe  Problem. — What  size  pipe  is  neeeeeaty  to  supply  five  burners 'each  oonsuming  4  ou.  ft.  of  ess 
per  hr.,  if  the  di£Ferenoe  of  pressure  is  1  in.  of  water?  The  density  of  gas  is  0.45,  and  the  distanoe  of  burners  from 
main  is  5(T  ft. 

Data: 


0- 

4  X  5  -  20  ou. 

ft. 

L  - 

50  ft. 

P  - 

0.45 

Pi  -  Pi  - 

1  in. 

LogQ  = 

1.301030 

LogQ»  = 

(2)(1.301030)  - 

>  2.602000 

LogZr  - 

1.698970 

Logp  - 

1.653212 

LogQ>I» 

3.954242 

Log  2340  - 

3.369210 

Log  2340«  - 

(2)(3.30Q216)  > 

-  6.738432 

Log  (Pi  -  Pa)  - 

0.000000 

»  Prom  Danforth's  Mech.  Process,  p.  334. 
*  Gerhard,  Amcricf^n  Practice  of  Gas  Lighting. 
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Log 


Q*Lp 


(2340)«(i*i  -  Pt) 


-  7.215810  -  10 


QtLp 


(2340)  *(Pi  -  Pi) 
d  -  0.278  in. 


-  1.4431G2  -  2  -  Log  d. 


A  computer  based  on  this  formula  has  been  designed  by  William  Ck)x.  The  use  of  this  com- 
puter saves  much  time  in  determining  the  requisite  size  of  pipe.  The  sizes  of  pipes  specified 
in  the  computer  are  somewhat  larger  than  the  calculated  values  from  Pole's  formula. 

The  following  short  table  may  be  used  for  approximate  calculations.  This  table  gives 
the  diameter  of  pipes  in  decimals  of  an  inch.  It  is  based  on  a  table  originally  published 
by  Clegg.^    The  table  has  been  abbreviated  by  omitting  the  two  last  decimal  places. 

Table  Showing  thb  Diambteb  of  Pipes,  in  Decimals  of  an  Inch,  to  Supply  Otttlets 

AT  Certain  Distances  from  the  Main 


Dist.  of 

Number  of  burners  eacl 

1  consumins  5  cu.  ft.  per  hr.  under  a  pressure  of  1  in. 

(water) 

outlets  from 

3 

6 

10 

15 

20 

25 

30 

40 

50 

100 

150 

200 

300 

main  in  feet 

C 

^iametei 

of  pipes,  in  deeimlas  of  an  inch 

5 

0.155 

0.189 

0.249 

0.294 

0.329 

0.359 

0.388 

0.434 

0.474 

0.626 

0.739 

0.826 

0.975 

10 

0.177 

0.217 

0.286 

0.337 

0.378 

0.413 

0.444 

0.498 

0.545 

0.719 

0.838 

0.949 

1.116 

15 

0.102 

0.235 

0.310 

0.365 

0.410 

0.448 

0.482 

0.540 

0.591 

0.780 

0.917 

0.129 

1.210 

20 

0.203 

0.249 

0.329 

0.387 

0.434 

0.474 

0.510 

0.572 

0.626 

0.826 

0.971 

1.090 

1.281 

30 

0.220 

0.270 

0.356 

0.419 

0.470 

0.514 

0.553 

0.621 

0.679 

0.895 

1.053 

1.182 

1.390 

40 

0.233 

0.286 

0.378 

0.444 

0.498 

0.545 

0.586 

0.658 

0.719 

0.948 

1.116 

1.252 

1.472 

50 

0.244 

0.299 

0.395 

0.464 

0.521 

0.570 

0.613 

0.688 

0.752 

0.992 

1.167 

1.309 

1.539 

60 

0.253 

0.310 

0.410 

0.482 

0.540 

0.501 

0.636 

0.713 

0.779 

1.029 

1.210 

1.357 

1.597 

70 

0.261 

0.320 

0.422 

0.497 

0.557 

0.609 

0.655 

0.735 

0.804 

1.061 

1.248 

1.310 

1.646 

80 

0.268 

0.329 

0.434 

0.513 

0.572 

0.626 

0.670 

0.755 

0.826 

1.090 

1.287 

1.438 

1.691 

90 

0.274 

0.337 

0.444 

0.522 

0.686 

0.641 

0.689 

0.773 

0.846 

1.116 

1.312 

1.472 

1.731 

100 

0.280 

0.344 

0.454 

0.533 

0.599 

0.654 

0.704 

0.790 

0.864 

1.139 

1.340 

1.503 

1.768 

150 

0.304 

0.373 

0.492 

0.571 

0.649 

0.710 

0.763 

0.856 

0.937 

1.236 

1.453 

1.630 

1.918 

200 

0.322 

0.395 

0.521 

0.613 

0.688 

0.752 

0.809 

0.907 

0.992 

1.309 

1.539 

1.727 

2.031 

250 

0.337 

0.413 

0.545 

0.641 

0.719 

0.786 

0.846 

0.949 

1.037 

1.369 

1.610 

1.806 

2.124 

300 

0.349 

0.428 

0.565 

0.665 

0.746 

0.815 

0.877 

0.984 

1.076 

1.420 

1.669 

1.873 

2.264 

The  next  step  in  designing  a  system  of  piping,  after  the^consumption  or  size  of  the  various 
outlets  and  the  best  direction  to  nm  pipes  have  been  determined,  is  to  determine  the  proper 
size  of  pipes  to  install.  This  is  best  accomplished  by  beginning  at  the  outlet  most  remote 
from  the  meter  and  working  towards  it.  When  the  first  branch  line  is  reached,  the  proper 
size  is  again  determined  by  starting  at  the  far  end  of  the  branch  and  proceeding  to  the 
junction  where  the  quantities  of  gas  for  the  two  jHpes  are  added  and  the  same  process  is 
repeated  until  finally  the  meter  is  reached.' 

6.  Installing  Gas  Pipe. — In  installing  pipe  for  gas  service  a  few  simple  precautions  should 
be  kept  in  mind.  Many  cities  have  local  regulations  to  which  the  installations  must  conform. 
Some  require  that  all  pipes  and  fittings  which  are  to  be  covered  with  concrete  or  cinders  must 
first  be  covered  with  tarred  paper.  When  changing  the  direction  of  the  run,  the  pipe  must 
not  be  bent  for  this  may  cause  a  split  of  the  seam.  Fittings  should  always  be  used  whenever 
a  change  in  the  direction  is  necessary.  The  pipes  should  be  supported  by  hangers  or  supports  10 
ft.  apart,  approximately.    When  the  horizontal  runs  are  to  be  covered  by  a  floor,  the  pipes 


1  Gerhard,  American  Practioe  of  Qas  Lishting,  p.  46. 

'  H.  R.  Sterrett,  Piping  Houses  for  Gas  Idgnting,  Trans,  of  Ilium.  Eng.  Soo.,  vol.  10.  p.  298. 
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may  be  placed  in  notches  on  top  of  the  joists,  Fig.  3.  Care  should  be  taken  to  avoid  sags 
in  the  pipes  for  moisture  and  condensation  will  collect  in  these  preventing  the  free  flow  of  gas. 
The  horizontal  portions  should  all  be  sloped  either  towards  the  outlet  or  the  meter  so  that 
pipes  may  be  readily  drained. 


Sfudblffi^  -f^ 


Extkfision 
fyr  support 


¥fo6ng^ 
fo9fum/ng 


for  support 


Fzo.  3. — Ceilinc  outlet. 


FiQ.  4. — Wall  outlet. 


lixtore  eonneotlons  extending  through  the  walb  or  ceiling  should  have  extra  supports,  and  the  measurement! 
should  be  exact  allowing  tbe  fixture  to  screw  up  tight  and  flush  with  the  wall  or  ceiling.  Fixture  connections  are 
shown  in  Figs.  3  and  4. 

Every  outlet  in  the  entire  gas  sjrstem  must  have  a  valve.  A  valve  is  also  placed  on  the  street  side  as  well  as 
the  house  side  of  the  gas  meter,  Fig.  5.  All  large  mains  and  branches  must  be  provided  with  valves.  These  valves 
are  invariably  of  the  plug  type. 


Fia.  5. 


7«  Testing. — After  all  pipe  is  installed  in  the  building  and  before  any  plastering  or  finished 
flooring  is  done,  the  entire  system  of  pipe  is  subjected  to  an  air  test  of  about  10-lb.  gage  pressure. 
All  outlets  are  capped  or  plugged  except  one  and  that  one  is  fitted  with  the  necessary  pump 
and  gage.  After  the  air  is  pumped  in  to  the  required  pressure,  any  leak  in  the  system  will 
be  noted  by  the  lowering  of  the  gage.  Leaks  are  located  by  the  use  of  soap  suds,  and  also  by 
forcing  ether  into  piping  S3^tem.  Any  defective  parts  which  are  disclosed  by  the  test  should 
be  taken  out  and  new  material  put  in  place. 

There  are  many  appliances  on  the  market  which  use  gas  ss  a  fuel.  The  installation  of  most  of  these  is  a 
comparatively  simple  process.  In  the  case  of  cooking  appliances,  such  as,  hot  plates,  the  smaller  ranges,  broilers, 
bake  ovens,  etc.,  the  only  consideration  is  the  correct  sised  pipe.  Some  heating  apparatus -consuming  considerable 
quantities  of  gas  must  be  provided  with  a  flue  to  permit  the  escape  of  the  burned  gases. 


SECTION  10 

ELEVATORS 

Bt  H.  p.  Bates,  Q.  H.  Chesesman,  and  W.  W.  Liqbtbipb 

Tlw  elei^tor  plant  ia  the  modern  high  claas  metropolitan  city  building  represents  from  8 
to  10%  of  the  total  inveatment,  and  should  receive  the  most  careful  consideration,  as  upon 
it  depends  to  such  a  large  extent  the  maximum  e£Bciency  of  the  building  as  an  income 
IMwlucer. 

Elevators  may  be  classified  iato  Passenger  and  Freight  types,  according  to  the  service  to 
be  rendered;  and  theee  again  may  be  subdivided  as  follows: 

PasHD(er  Krrioe  and  freight  Fr«icht  only 

Hrdmilio — QcMad  Hand  novsr 

Plurjser  or  direot  lift 

Eleotriii — Worm  scared  (drum) 

(Traction) 
Oaarleaa  TraeOon 

(1  : 1  and  2  :  1  ropins) 

The  forerunners  of  the  modem  elevator  were  haod, 
belt,  and  water  driven;  and  the  hand  and  belt  driven  atill 
survive  with  little  fundamental  change,  except  for  the  sub- 
stitution of  worm  and  gear  for  spur  gear  drive  in  the  belted 
type. 

1.  Hand  Pttwer  Elevator. — The  hand  power  elevator 
(Rg.  1)  has  its  use  where  the  service  required  is  ao  limited 
that  the  labor  saving  deriving  from  a  power  elevator  would 
give  an  inadequate  return  on  the  additional  investment  in- 
volved. The  speed  varies  from  10  to  20  ft.  per  min.,  ac- 
cording to  the  operator's  strength  and  endurance.  By 
proper  proportioning  of  gearing,  loads  up  to  5000  to  0000  lb. 
can  be  handled,  and  platforms  or  cars  are  made  large  enough 
for  automobiles  of  the  pleasure  and  small  truck  type. 

Eueptios  for  tiio  lidewalk  or  aah  lift  typ«.  whioh  k  operated  more 
or  lea*  like  a  wincfa,  the  band  elevator  ie  actuated  by  puUin(  an  endlua 
rope  over  a  large  "V"  erooved  wheel.  Uie  shaft  of  which  ii  seared  to 
the  liftjiic  parte.  An  enormous  tensth  of  lope  must  be  ovsrbauled  to 
lift  the  hrcer  losd>  and  the  manual  labor  item  fur  a  hand  dmtor,  in 
anything  like  heavy  and  aotive  lervice,  ia  not  only  financially  prohibi- 
tive, but  a  dlKouracement  to  help.  Hand  elcvatoie.  bang  built  for 
only  the  limited  atraina  incidental  to  the  application  of  moaimUr  power. 

8.  Belted  Elevator.— The  belted  elevator  (Fig.  2)  is 
usually  driven  from  line  shafting  existing  for  other  purposes 

ae  well.     The  best  practice  fixes  the  speed  at  about  50  ft.  F'<"-  I.— Hand  power  elevator, 

per  min.,  which  in  itself  limits  the  field  for  this  type  to  low 

risea  and  unimportant  service.  The  annoyance  and  expense  of  belt  maintenance  is  also  against 
this  type.  The  general  adoption  of  individual  drives  for  all  industrial  equipment  has  been  the 
chief  factor,  however,  in  the  decadence  of  the  belted  elevator,  for  it  is  just  as  cheap  to  connect 
a  motor  directly  to  the  machine  worm  shaft  as  to  connect  by  belt  or  chain  and  more  efficient, 
and  from  such  direct  connection  baa  gradually  evolved  the  electric  elevatw  of  today. 
8B  1361 
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S.  Steam  DriTen  Elevator. — The  steam,  driven  elevator,  bro&dly  apeoking,  ia  entirely 
of  the  past  The  cost  of  power  is  excessive,  losaee  very  ooasiderable,  povrer  pl&nta  expensive 
to  maintain,  and  often,  particularly  when  no  heat  is  re- 
quired from  the  boilers,  the  entire  upkeep  of  the  steam 
plant  must  be  charged  to  elevator  service.  There  are 
still  some  old  steam  elevators  in  service,  but  in  practically 
every  case  it  would  be  found  a  paying  investment  to 
substitute  electric  drive. 

ThersilBltcundriven  type  whlohhuiomeulTasiila;  Til.,  the 
hydnuUii  eleimtor  opantad  by  forcing  water  Irom  ■  tank  into  the 
oylinder  by  meaoi  of  Hre  Btoun.  There  i>  ■  Uui*  aDndenutipD  Ion 
vlth  thi*  type,  howera,  kbiI  in  oold  weather  it  ii  apt  to  tiva  trouble 
unlcfli  particulftrly  wall  protected,  eapeeialty  after  atAadiog  idle  for 
aom*  tinw  and  altowiiii  the  tank  valar  to  B;et  oold. 
Fio.  S.— Belled  elevator  machine. 

i.  Hydratdic  BloTator. — At  one  time  practically  all 
paasenger  elevators  were  of  the  hydraulic  type,  and  even  after  electric  elevators  became  common 
for  moderate  speed  service,  high  speed  rope  geared  hydraulic  elevators  (Pi^  3  and  4)  afforded 
the  highest  type  of  service  for  important  buildings.     The  remarkable  development  of  the  electric 


Fia.  3, — Rope  Etflrwi  hydraulic  elevatoi — horiiontal  type.  Fia.  4 

elevator  of  late  years,  however,  has  left  but  a  very  limited  field  for  new  hydraulic  installations. 
These  latter  are  jwactically  all  of  the  lounger  or  direct  lift  type,  where  rises  are  Iqw  and 
loads  such  that  the  available  water  ju'enaure  will  permit  of  plungers  (rf  small  section  with  a  re- 
sultant small  water  consumption  and  water  coat.    If  an  individual  pumi»ng  {dant  is  installed. 
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the  water  can  be  used  over  and  over,  but  pumping  planta  are  expensive  both  aa  to  first  cost 
Bad  usually  as  to  power  coEisumption  and  they  take  up  space  which  usually  can  be  put  to 
better  use,  wbiob  is  one  of  the  principal  reasons  for  the  obsolescence  of  the  high  grade  geared 
type  of  hydraulic  elevator. 

4a.  HrdnoUc  Plunger  Type. — The  principal  field  for  the  ):dunger  elevator  today 
is  for  sidewalk  ash  hoists,  where  existing  water  preaaure  is  available  and  the  amount  is  so  small 
as  to  permit  dischai^ng  to  the  aewer.  This  type  alao  lenda  itself  well  to  conditions  where  the 
headroom  is  too  limited  for  overhead  machinery  or  sheaves,  although  under  such  conditions 
the  necessary  elimination  of  a  counterweight,  as  would  be  used  with  an  electric  machine,  very 
materially  increases  the  power  consumpttoa,  as  the  total  we^ht  of  ptunger,  car,  and  load  must 
be  lifted. 

Hg.  6  shows  the  plunger  or  du-eot  acting  type  of  hydraulic 
elevator  which,  in  addition  to  the  service  above  noted,  is  aometimes 
installed  for  low  rise,  heavy  duty  service,  such  as  baggage  and  auto- 
mobile lifts,  and  tor  lifting  loaded  freight  cars  and  locomotiveB. 
Also,  in  localities  where  electric  current  is  not  available,  this  type 
is  considered  practical  for  passenger  service  with  car  speeds  not  in 
exc«s8  of  300  ft.  per  min. 

The  plunger  type  of  elevator  engine  consists  of  a  plunger  operat- 
iog  within  »  cylinder,  which  is  {wotected  below  the  surface  by  an 
iron  casing.  The  [dunger  is  usually  made  of  sleel  tubing  of  standard 
lengths  cou[ded  together  with  cast  steel  coujdings  on  the  inside;  the 
cylinders  are  made  of  wrought  or  cast  iron  or  of  cast  steel,  the  latter 
two  being  uaed  only  where  the  surrounding  earth  might  corrode 
wrought  metala.  The  casings  are  of  standard  pipe  and  are  driven 
to  a  depth  slightly  in  excess  of  the  elevator  travel,  or  until  bed  rock 
is  encountered,  when  the  hole  b  continued  with  the  rock  as  the 
casing  for  the  cylinder. 

A  ituffinc  boi  in  mounted  on  th*  top  of  the  cylinder,  jiut  mbove  ftround  level, 
mud  through  thia  thv  plunaiTT  piiaHa  mt  the  eLvvator  tnveli.  Jlie  car  platfonn  u 
curied  dd  the  top  of  the  plunger,  to  which  It  ia  coDuected  by  ui  iron  pIsUn,  sod 
*  further  emsrgency  f»(ciiing  ia  eSecled  by  cabtn  wbicb  ue  securely  bolted  M 
the  plktiorio  of  the  cu,  psH  through  the  enljre  lenith  ol  the  plunger,  end  are 
kgwD  fMtened  to  the  plug  At  the  boCtdm  of  the  plunger.  Tfaifl  Additional  faatc^n- 
ing  between  platform  and  plunger  is  employed  aa  a  aafeguard  should  tho  plunger 

the  «teel  couplinga,  or  the  other  faaUninga  at  the  platform.  Wilh  a  counter- 
weighted  elevator,  breakage  aa  indicated  might,  without  these  asfety  eablee, 
rnult  in  the  car  being  pulled  into  the  ovo-head  worlc  by  the  overbalance  of  the 

The  principle  of  the  plunger  elevator  i>  quite  aimple.  Water  under  preiaure  Fia.  B. — Hydraulic  plunger 
eutoa  the  cylinder  juat  below  the  stuffing  boi;  the  pinaureeicrta  itself  in  all  direc-  elevator, 

tions  within  the  cylinder,  sud  the  plunger,  being  movable,  reaponda  to  the  prosurs 

againat  ita  boCtam.  and  riaa  until  preaaure  ceaau  through  the  cloung  of  the  operating  valve,  or  until  the  limit 
o(  plunger  travel  is  reached.  For  the  down  motion  the  opening  of  the  diaoharge  pott  of  the  operating  valve  permita 
the  cyUnder  water  to  be  puahed  out  by  (he  plunger  sa  the  Utter  deecendi  by  gravity.  With  the  valve  on  oenter 
the  plunger  ia  aupported  by  the  water  column  below  it.. 

While  apparently  a  column,  and  therefore  of  limited  rigidity,  Che  plunger  of  a  counterweigbted  elevator 
actually  ia  nol  aubjcct  to  the  laws  of  columna.  Thia  ia  partly  becauae  the  counterweight.  equaUiiic  in  weight  the 
car  pina  a  put  ol  the  plunger,  acta  to  place  the  plunger  in  tenaion  rather  than  in  compreaaion.  Thia  latter  fact  ii 
nne  of  the  reaaona  for  the  safety  cable  extending  through  ita  length. 

As  the  plunger  rises  it  1oe«  in  buoyancy,  in  view  of  which  counterbalance  cablra  are  installed  of  auch  a  number 

plunger  and  the  water  diaptaoed. 

The  operating  control  in  the  car  may  b«  hand  rope,  hand  wheel,  or  lever,  tl 
alow  Bpeed  freight  elevators,  and  the  band  wheel  and  laver  devicea  being  uaed  wit 

I  ia  mad*  by  cable  to  a  pilot  vi 
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The  indeiiendeDt  lafety  di 
dlAgonal  Btaad^Dji  ropa  in  the 
tiie  ou  and  tbe  oounterbklmncs. 

4b.  Hydraulic  Pumping  Planta.— Practio&lly  all  hydraulic  elevator  plants  in- 
clude some  form  of  pumping  plant,  tbe  earlier  form  of  gravity  preesure  tank  at  the  top  of  the 
building  having  been  replaced  by  a  cloeed  [n'eesure  tank  in  basement,  and  an  open  tank  for  the 
discharged  water  also  being  located,  for  convenience,  close  to  the  jx^ssure  tank. 

Any  good  heavy  eervice  pump,  either  steam  or  electric  driven,  will  draw  the  water  from 
the  open  tank  and  deliver  it  at  the  required  pressure  into  the  closed  tank.  Air  is  injected  also 
^thcr  by  a  suitable  compressor,  or  in  the  case  of  some  small  installations,  by  "snifting"  in 
with  the  main  pump  delivery.  Air  should  be  maintained  to  the  amount  of  about  one-third 
the  pressure  tank  capacity  when  at  the  maximum  operating  jH^ssure.  The  tank  must  be  large 
enough  to  permit  all  of  the  air  expansion  which  the  most  active  elevator  operation  will  cause  by 
withdrawal  of  water  and  yet  not  allow  the  pressure  to  drop  below  the  minimum  required  for 
elevator  operation.  In  figuring  this,  the  ability  of  the  pump  to  rei^ace  some  of  the  used  water 
during  the  same  period  and  until  the  next  operation  may  be  taken  into  consideration. 


Tha  effidencr  of  ths  pump  and  t 
pump  reEulalinc  dcvioa  will  have  a  beuina  on  the  tank 
capacity.  The  more  eSident  the  pump  unit,  the  lower  will  bs 
tha  coat  of  elevator  operation.     "With  tha  pump  syitem  the  water 

auSicient  fr«ah  water  ia  required  to  replace  the  water  loet  by 
leakage. 

Aocuinulator  ayatfma  have  in  tha  paat  been  naed  for  large 
high  preteure  plaata.  but  there  is  little  Justification  today  for  the 
ioatatlatioti  oT.  a  hydraulic  elciator  plant  tA  luffldant  dae  to 
warrant  gcrini  to  the  expenae  of  anoumnlator  equipment. 

S.  Electric  Hevators. — The  electric  elevator  was 
introduced  in  18S9,  and  its  history  is  one  of  con- 
tinuous and  continuing  development.  The  machine 
itself  consists  essentially  of  a  motor  driven  drum  or 
traction  sheave  over  which  the  cables  lead  to  the  cor 
on  one  side  and  to  a  counter-balance  on  the  other.  A 
suitable  controller  is  provided  to  start,  accelerate,  re- 

Fio.  8.-Eieetrio  machine-drum  type.  •*'''*  ^""*  ^^°^  *«  °'°'^'"'   "■**  ''**P  ^^^  starting  and 

running  currents  at  a  minimum. 

6a.  Electric  Drum  Type. — The  earlier  designs  ot  the  electric  machine  were  all 
of  the  dnira  type  (Fig.  6)  which  winds  up  the  lifting  cables  as  the  counterweight  cables 
unwind,  aod  vice  versa.  This  type  is  driven  from  the  motor  through  a  worm  and  gear.  In- 
creasing land  values,  however,  in  the  larger  oities  having  forced  buildings  to  expand  vertically 
to  the  great  heights  attained,  the  drum  type  of  electric  elevator  could  not  compete  with  high 
speed  geared  hydraulic  apparatus,  even  aft6r  the  earUor  crude  controllers  were  improved  upon 
and  comparatively  smooth  operation  was  attaiaed,  principally  because  of  the  unduly  largedrums 
required  for  the  great  lengths  of  cable. 

66.  Electric  Traction  Type, — The  constant  and  remarkable  improvements  in 
motors,  controllers,  and  mechanical  parts  which  resulted  in  the  increasing  favor  of  the  electric 
type  of  elevator  for  freight  service,  as  well  as  for  comparatively  low  rise  and  medium  speed 
passenger  service,  finally  led  to  the  development  of  the  gearless  traction  elevator.  This  is 
capable  of  even  greater  speed  than  any  public  safety  department  will  permit  and  is  without 
limitation  as  to  rise.  As  no  cables  are  wound  up  only  a  limited  set  of  cable  grooves  is  required 
for  the  drum,  or  drilling  sheave  as  it  is  called,  and  the  width  of  this  latter  as  well  as  the  overall 
dimensions  of  a  machine  of  a  given  capacity  remain  at  a  minimum  regardless  of  height  of 
building, 

I*  laarloa  traetioD  type  (nga.  T  and  8),  ■ 

Dd  brake  pultay 


Amount  of  m 
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■tond  th«rdn  ti  oomiwrmtlTB];  mull,  rapid  acMleratloii 
Ih,  «i7  atofi*  are  made  with  fecUily,  Dotwilhatandlog  the  biah  apeeda  a' 
is  the  proper  eontrol  of  the  revolving  machine  pacU  rather  than  of  th 
ment  direetJy  which  is  the  elevator  deaigner'a  problem  of  nacampliehc 
iptioa  per  ear  mile  ie  materially  leia  tor  Ihia  than  for  any  < 


IT  drlvinc  aSeet  ie  d' 
4  tha  oar  aod  that  of  the  eounterveisht,  i 
a  at  the  couple  a  obatrueled  in  iti  deacent  or  landa 
ir  cannot  be  pulled  into  the  overhead  work,  owing  i 


iciple,  U»  R  uf ety  fesi 


n  the  buffer,  the  olher 


Tbi*  latter  feature, 
oblem,  haa  r 
dHve  tor  univerul  ■ 


tOfether  with  the 
rviee  (Fig.  9). 


6c.  TrpeB  (rf  ControL — Electric  elevatora  are  controlled 

by  one  of  the  following  methods: 

Hand  Rope  Control — The  earliest  and  cheapest  form  is  by  means 

of  a  flexible  iron  cable.  This  passes  through  or  alongside  the  car, 
from  top  to  bottom  of  the  hoistway,  and  by 
means  of  leading  sheaves  is  carried  over  to  a 
wheel  on  the  machine.  This,  through 
mechanical  connection,  actuates  the  mun 
line  and  direction  switches  on  the  controller 
and  makes  other  contacts  through  which  the 
brake  ia  operated  and  acceleration  or  retardar 
tibn  is  accomplished  at  a  predetermined  rate. 
Centering  the  hand  rope  opens  the  several 
oootacts,  cutting  off  all  current  and  permit- 
ting the  brake  to  set. 

This  type  should  be  specified  oEkly  for  slow  epeed 
freight  serviet,  and  ia  fast  besoming  obsolete  even 
for  that  daae  of  equipment.     The  difficulty  in  matdog 


e  "bitehee"  there  are  the  bigger  the  < 
be.  Furthermore,  the  early  practice 
ling  Bud  'pulling  the  hand  rope,  whic 


(1,^       Flo,.  7. 
bill 


Car  Svritck  Control. — Control  by  means  of  a  hand  switch  in  the 
car  is  the  most  approved  type  for  both  passenger  and  freight  service, 
regardless  of  speed,  excepting  where  automatic  push  button  control 
is  desirable,  as  later  explained. 

Movement  of  the  switch  handle  from  the  central  position,  which 

it  resumes  automatically  upon  being  released,  results  in  the  energizing 

of  the  various  magnet  coils  on  the  controller.     These  complete  the 

circuits  controlling  direction,  acceleration,  brake  and  motor,  and  the 

centering  of  the  switch  either  by  hand  or  automatically  upon  its  re- 

^'dmatOT^aTroDiM"'"      leaso  breaks  these  circuits,  applies  the  brake,  and  stops  the  machine. 

The  larger  the  motor  and  faster  the  car  speed,  the  greater  the 

controller  refinement  required,  and  modern  controllers  have  been  developed  to  a  point  where 

high  speeds  and  heavy  loads  are  handled  as  smoothly  and  as  safely  as  the  lightest  duties. 
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The  anullar  mkobiDCB  u«  equipped  with  aincle  Bp««d  moUm  and  lontrollen.  knd  (or  the  Ucber  taenia  iwtt 
ipsed  moton  %r»  ttdTiiutble.  Ttui  lut,  in  reference  to  two  apeed  motors,  uppLia  mon  purticulBilr  to  direct  cur- 
r«Dt  sguipmant,  but  only  beeams  ■ItanaUiic  current  motcrs  do  not  lend  theinaelvta  w  leulily  to  twg  apiKid  deoicD. 

2S0  ft.  per  mia.  Bnd  over  ii  raeommcnded.  The  olowing  donn  to  lecond  speed  fives  pnctically  tbs  equivalent 
of  the  dynunic  brtldiig  effect  obtained  by  partially  ihgrt  rircuiting  the  armaCure  at  the  dirgct  cuuent  motor 
upon  ghuttini  o(F  the  power  and  allowini  it  to  act  eg  a  generator  wben  stapping.  Car  movMnsnta  of  a  few  inebes 
•re  fadlitated.  when  neoHury,  by  the  ability  to  op«rat<  the  motor  on  the  fint  or  low  speed  aithoofh  the  better 

AiitomaHe  or  Push  BuUon  ConiTol. — Automatic  control  by  meana  of  push  battona  nuty 
be  used  for  all  slon  speed  electric  etevatorm,  and  for  plunger  elevators  by  using  inagDetically 
operated  valves,  although  this  use  of  the  push  button  type  of  control  is  not  common.  With  the 
common  form  of  button  control  there  is  a  button  on  each  landing  for  calling  the  oar  to  that 
floor.  Also  there  is  in  the  car  a  plate  or  case  carrying  in  its  face  a  button  for  each  floor  served, 
and  numbered  accordingly,  together  with  a  safety  or  stop  button. 

The  car  can  be  dispatched  to  any  desired  floor,  up  or  down,  by  the  passenger  touching  the 
eorresponding  car  button.  The  passenger  cannot  open  the  gate  with  which  the  car  is  provided 
without  opening  an  electric .  contact 
thereon  which  results  in  stopping  the 
elevator.  If  he  does  open  the  gat«,  he 
can  resume  the  trip,  or  initiate  another 
for  a  different  destination,  by  again  clos- 
ing it  and  touching  the  proper  button. 
When  the  car  arrives  at  the  iw«deter- 
mined  floor  level,  it  atope  automatically, 
and  a,  cam  on  the  car  releases  the  hoist- 
way  door  lock,  which  has  held  the  door 
locked  prior  to  the  arrvial  of  the  car. 

There  are  two  styles  of  lock  operat- 
ing cams.  One  is  a  fixed  cam  on  the 
car  which  releases  each  lock  in  turn  for 
the  moment  that  the  car  may  be  passing 
that  floor.     With  this  type,  if  any  door 

r,a.  B.— Worm  seared  traction  machine.  is  sprung  or  imperfectly  hung,  it  is  liable 

to  open  jus  t  far  enough  to  open  the  electric 
contact  which  is  integral  with  the  lock  and  engaged  only  when  the  door  is  closed.  This  will 
stop  the  car  and  if  the  latter  is  being  called,  some  person  must  be  sent  to  locate  and  oorrect  the 
trouble  by  closing  the  door  before  the  car  can  be  brought  to  the  floor  of  caU. 

The  other  cam  is  of  the  selective  retiring  type.  It  stands  back  from  range  of  the  door  locks 
and  comes  into  operative  position  only  when  the  floor  of  destination  is  reached,  when  it  is  auto- 
matically pulled  into  service  by  a  solenoid  on  the  car  top.  Inunediatety  the  car  is  dispatched 
elsewhere,  the  cam  automatically  retires. 

A  Tioii-interfcr«nee  feature  of  the  contrcdler  renders  the  ear  uorespon^ve  to  any  caD  until  the  last  uaar  has 
nleued  it  by  leavins  and  closing  the  car  gate  and  hoiatway  door  behind  him. 

The  Boor  stops  are  accompllehed  by  means  of  a  floor  eonti 
ately  to  rccistcr  tbe  car  pDaitian.  and  atop  the  machine  tbroufh  opening  the  automate  cirouil 
responding  to  dcaUnaUon. 

Acceleration,  slow  down,  and  atop  are  all  aecompUihed  automaUcally,  and  all  public  si 
recogniie  this  Bo  "foot  proof"  as  to  be  one  of  the  safeat  typca  of  elevator  for  private  residsncca.  omall  apartments, 
and  hogpitala,  in  all  of  which  it  is  readily  underslood  and  uwd  by  iavalids,  women,  and  children.  It  is  used  also 
in  banks  and  private  offices,  ai  well  aa  for  freight  service,  although  as  later  eiptsined.  the  last  uaually  requires 
the  addition  of  another  feature  to  give  accurate  stops  with  loads  which  an  boond  to  vary  more  widely  than  do 

The  following  points  are  diatloctive  of  the  type,  and  Indicate  Its  special  openting  and  safety  featuraa. 

The  car  is  set  into  motion  by  the  momentary  touching  of  one  of  ths  opsfating  bottoDa,  whioh  do«*  not  have 

While  operating  from  the  car,  no  Interferenee  from 
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The  car  cannot  be  started  while  any  landing  door  or  the  ear  sate  ia  open 

A  landing  door  cannot  be  opened  xutil  the  car  is  at  that  landing. 

Hie  car  is  stopped  automatically  at  the  predetermined  landing. 

In  addition  to  the  regular  terminal  stops  common  to  other  types,  special  terminal  stops  are  provided  for  the 
apper  and  lower  limits  of  travel. 

It  should  be  pointed  out  that  one  of  the  vital  safety  features  of  the  automatic  elevator  is  the  hoistway  door 
lock.  This  should  be  the  product,  both  in  design,  workmanship,  and  installation  of  the  greatest  skill  and  long 
experience.  Otherwise  the  push  button  elevator  becomes  but  a  source  of  much  annoyance  and  little  service, 
instead  of  an  invaluable  servant  inconspicuous  through  perfection. 

The  practical  lock  must  permit  of  a  very  considerable  variation  of  door  fit,  in  order  that  warping,  shrinking, 
or  sagging  of  the  door  may  not  interfere  with  the  proper  functioning  of  the  lock.  Practically  all  door  locks  are 
made  to  incorporate  contacts  only  through  which  the  automatic  circuit  can  be  established.  In  some  locks,  how- 
ever, these  contacts  are  engaged,  if  the  door  is  closed,  even  though  the  holding  latch  or  bolt  which  locks  it  may 
have  failed  to  engage  the  keeper.  This  is  nd  a  safe  lock,  in  that  the  door  may  be  opened  on  occasion  of  latch 
failure,  even  if  the  car  be  not  at  the  landing. 

The  only  completely  safe  lock  la  so  constructed  that  no  contact  is  established  untU  the  look  bolt  has  entered 
or  engaged  the  keeper,  and  the  door  is  not  only  closed  but  unquestionably  locked. 

Special  Automatic  Control. — ^A  special  form  of  push  button  control  has  been  developed  for 
freight  and  warehouse  work,  where  the  service  will  be  limited  to  stopping,  on  any  given  trip, 
at  only  one  floor  besides  the  starting  floor.  With  this  control,  dispatching  buttons  correspond- 
ing to  each  floor  for  each  elevator  are  located  on  the  main  floor,  preferably  set  into  table,  at 
which  a  dispatcher  sits  within  full  view  of  all  elevators.  As  a  car  is  loaded,  the  dispatcher  by 
touching  the  proper  button  sends  it  to  the  floor  of  destination,  either  with  or  without  any 
person  accompanying  it.  When  that  floor  is  reached  the  car  stops  automatically  and  an  auto- 
matic hoistway  door  operating  machine  raises  the  door,  which  is  of  the  vertical  type.  When 
the  trucks  are  rim  off  by  the  attendant  on  that  floor,  and  any  other  trucks  which  may  be  ready 
have  been  run  on,  the  attendant  touches  a  door  release  button,  which  permits  the  door  to  close, 
at  a  safe  speed,  by  gravity.  When  the  door  is  closed,  touching  a  second  button  dispatches  the 
car  to  the  main  floor,  where,  upon  the  door  being  opened,  the  cycle  may  be  again  started.  The 
same  gate  machine  operates  all  the  doors  on  the  same  side  of  a  given  elevator,  a  selective  device, 
which  operates  through  the  floor  controller  and  separate  clutch  connections  for  each  door,  per- 
mitting it  to  open  only  one  door  at  a  time,  and  that  the  door  of  destination. 

This  tyi)e  of  control  is  used  only  with  the  micro-levelling  elevator,  description  of  which 
follows. 

Micro-levelling  Elevator, — What  introduces  virtually  another  class  of  elevator,  including  a 
refinement  of  control,  involves  what  is  known  as  the  micro-leoelling  elevator  which  accomplishes 
practically  perfect  stops  with  all  variations  of  load.  All  electric  elevators  depend  for  the 
final  stop  on  brake  shoes  applied  to  some  revolving  member  of  the  machine,  and  as  the 
ultimate  shoe  friction  is  fixed  in  a  given  machine  it  follows  that  the  greater  the  descending 
load  and  speed  the  longer  will  be  the  brake  slide.  Thus  a  fully  loaded  descending  car  will 
slide  farther,  after  the  initial  brake  application,  than  one  in  which  the  load  just  equals  the 
weight  by  which  the  counterbalance  exceeds  the  empty  car,  and  an  empty  ascending  car  will 
slide  farther  than  a  loaded  one,  owing  to  the  overhauling  action  of  the  counterweights. 

The  result  is  that  an  automatically  controlled  elevator,  of  the  non-micro  type,  does  not 
lend  itself  advantageously  to  service  with  widely  varying  loads,  as  the  varying  slides  in  such 
service  may  result  in  the  car  stopping  anywhere  within  a  fairly  considerable  range  below  and 
above  the  actual  floor  level. 

The  inereading  use  of  both  hand  and  power  cq^erated  commercial  trucks  in  industrial  plants  has  augmented 
the  necessity  for  quickly  and  easily  made  level  stops  under  all  conditions.  This,  together  with  the  evident  adr 
vantage*  practical  in  many  instances,  of  eliminating  the  car  operator  through  using  the  Bi>ecial  form  of  automatic 
control  previously  described,  brought  about  the  development  of  the  micro-levelling  type  of  elevator.  The  action 
of  this  is  so  sure  and  accurate  as  to  have  resulted  in  its  installation  both  with  automatic  control  and  as  well  in 
many  important  plants  where  switch  control  by  an  oi>erator  has  been  deemed  advisable. 

The  micro-levelling  machine  in  reality  consists  virtually  of  two  complete  machines  and  controllers.  The 
motors  and  mechanical  parts  are  entirely  separate,  and  the  two  controllers  are  mounted  on  the  same  slate  panel* 
Fig.  10  illustrates  the  relative  positions  of  the  several  units. 

.    When  operating  at  speed  between  stops,  the  micio  units  do  not  function  in  any  way.     However,  either  throuxh 
the  floor  controller  upon  approaching  a  landing,  when  automatic  control  is  used,  or,  if  car  switch  control,  when 
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tb>  (witoh  li  wotendi  ths  mun  braks  b  >ppUk1  lutaDuIIcBlly,  ■topping  tbs  Dlevstor  kud  tmnlnc  ftt  Iff  ttm* 
tlmi  «  subataatlBl  coup)*  hMtieta  the  mun  motor  ihill  ud  the  duitg  (Mr  tbaft.  If  the  mdD  bnkc  hM  (tiM 
to  (top  the  ur  level  viCh  the  landioE,  the  micro  motor  ii  eiiFrElHd  thrauch  the  icUoa  o[  ■  iwilch  mounted  on  the 

ia  lilted  lod  the  elevator  a  drbven,  through  both  geu  leduetiou,  the  remuDing  few  inchea  to  the  floor  level  Ai 
the  speed  hu  been  reduced  by  the  micro  gear  to  a  [oir  (eeC  per  minute,  the  Bnal  slop  by  mean*  □(  the  micro 
brake  ie  one  of  great  accuracy.    The  micro  brake  becamu  the  Snal  or  holdiDg  brake.     The  main  broke,  or  clutch, 

and  ia  alwaya  in  aervice  eicepUng  vhen  rcleaied  by  power.  Tbia  latter  ia  poaaible  only  when  tbe  main  motor 
Ii  functioniog.     The  tranaition  from  the  main  to  the  micro  drive  i*  ao  amoothly  and  oonUnuoualy  performed  that 

With  the  micro,  the  car  will  not  atop  lAiirl  of  tbe  latidiug.  anil  ahould  it  for  any  reaion  run  by  the  landiiig. 
the  micro  unit  will  automaticslli'  atop,  tevene  and  bring  the  car  back.  Should  tbe  liftioE  cable*  ■tretoh  durinj 
the  placinc  ol  a  heavy  load,  or  when  the  front  wbeela  of  a  heavy  truck  go  on  the  platform  and  before  tbe  rear  wheela 
reach  it,  the  micro  will  function  until  the  platlorm  ia  again  level  with  the  landing. 

The  levelling  awitch  is  one  of  the  moat  important  part*  of  the  controlling  apparatua,  aa  upon  it  dependa  to  a 

one  direction  at  car  travel  and  two  in  tbe  other  dirwiion,  Tbeae  contact!  are  operated  by  cam*  permuieatly 
faatened  in  the  boiatway,  there  being  at  each  atopping  level  one  cam  operating  the  up  contacts  and  another  for 
the  down  contaete.  When  the  platform  is  Iml  with  the  landing,  both  tbe  up  and  down  dreuita  for  the  micro  motor 
are  interrupted  by  the  levelling  switch. 

It  will  be  seen  by  reference  to  the  diagram  that  tbe  main  brake  instead  of  being  mounted  between  the  motor 

gear  shaft  and  acta  on  a  pulley  keyed  to  the  main  motor  shaft. 

Under  conditions  which  will  permit,  this  type  of  elevator  wjQ  earn 
its  extra  coat  in  two  years  through  elimination  of  an  operator's  wage,  and 
the  aame  saving  will  pay  for  the  whole  elevator  in  a  comparatively  few 
yeara. 

While  primarily  put  out  for  freight  work,  the  unfailing  facility  and 

levelling  geaileaa  traction  elevator,  which  ia  being  very  generally  adopted 
for  high  speed  passenger  service  in  important  office  buildings,  hotels,  and 
department  atorea.  in  connection  with  oar  awitch  control.     Aa  the  car 

gitr  iacreaaed  aafety  and  fcehng  of  security  for  the  paseenger.  who  does  not 
have  to  "watoh  his  step,"  are  vital  advantagea,  aaida  from  the  actual 
aapin^  in  time  as  compared  with  the  non-microing  elevator  in  the  hands 
oi  a  oar^leae  or  unakilled  operator. 

^j^  jQ  S.  Escalators    and  Inclined  Elevators. — The  elevator 

Btory  is  BOt  complete  without  a  reference  to  the  inclined 
elevator  as  distinct  from  the  vertical  type. 

The  eecalator  ia  virtually  a  moving  stairway,  and  at  rest  has  the  appearance  of  one,  aa  well 
as  the  utility.  In  service  the  passengers  ride  on  the  steps  and  the  direction  of  movement  may  be 
either  up  or-  down,  the  motor  being  reversible  and  the  mechanical  design  accomodating  itself 
to  either  motion.  As  the  treads  reach  the  travel  terminal  they  disappear  under  the  floor,  where 
they  turn  and  traverse  the  reverse  trip  directly  underneath  the  service  section,  in  the  manner 
of  an  endless  belt. 

The  single  file  escalator,  24r-in.  tread,  will  handle  5600  passengers  an  hour,  and  the  double 
file^  48-in.  tread,  will  carry  11,000.  The  field  of  service  includes  department  Btoree,  theatres, 
amusement  parka,  railway  terminals,  subway  and  elevated  railway  stations,  etc.  In  addition, 
it  is  being  used  with  great  success  to  handle  the  incoming  and  outgoing  operators  in  a  number 
of  large  textile  and  other  mills,  thereby  conserving  their  energy  for  useful  work. 

The  ittdined  elevator  works  on  the  same  principle,  using  a  eontinuoiia  flexible  cleated  plat- 
form, instead  of  steps.  It  is  adaptable  either  for  passenger  or  truck  freight  service.  For 
freight  work,  projecting  iron  luga  are  provided  on  each  side,  risingjustfar  enough  above  the  plat- 
form to  engage  other  lugs  bolted  to  the  truck  bottoms.  The  truck  attendant  rides  behind  the 
truck.  This  type  is  used  in  department  stores,  warehouses,  etc.,  for  comparatively  short  rises. 
These  inclines  are  all  reversible.     Tbe  angle  of  incline  is  25  deg. 

imploys  a  filed  tamp,  with  a  oentral  endlesa 


Sec.  10-7]  ELEVATORS  1369 

amtt  w«lk,  and  if  tht  trutk  b«  of  tht  two*whMl«d  Tari«ty»  tuppert  th«  handlw  m  in  ordiiuuy  Mrriet.    Tht  moit 
fommon  MrriM  •mployt  a  two-apMd  motor,  siving  125  to  250  ft.  per  min.  according  to  th«  Mrvioe  raquirementa. 
The  dock  typa  it  so  mountad  that  tha  ramp  may  ba  raii«d  or  lowarad  to  accommodata  variation  of  watar  and 
deck  levela. 

7.  Gravity  Spiral  Conyeyors. — Gravity  spiral  conveyors  can  be  used  advantageously  in 
many  cases  to  deliver  package  goods  by  gravity  from  upper  to  lower  levels.  They  can  be  made 
to  handle  anything  from  the  smallest  paper  carton  up  to  6  or  8-f  t.  cases  weighing  several  hundred 
pounds,  and  in  many  cases  are  built  with  several  blades  or  spirals  for  connecting  different  levels. 

8.  Layout  Features. — All  electric  freight  elevator  machines  are  preferably  located  over  the 
hoistway.  The  resulting  rope  leads  are  better,  giving  longer  rope  life  and  greater  efficiency,  and 
as  a  general  rule  the  load  on  the  building  will  be  less  than  with  the  machine  below.  With  the 
machine  below,  its  weight  is  of  course  taken  off  the  structure,  but  to  the  suspended  weight  must 
be  added  the  equivalent  dovm  pull  on  the  ropes  on  the  machine  side  of  the  overhead  work.  This 
pull  is  usually  materially  greater  than  the  weight  of  the  machine.  The  following  formulas  give 
the  resultant  building  loads: 

With  machine  above,  Load  »  2  X  car  weight  plus  1.4  X  load  in  car  plus  weight  of  machine. 
With  machine  below,  Load  =  4  X  car  weight  [^us  2.8  X  load  in  car. 

Furthermore,  with  the  machine  below,  the  load  imposed  overhead  is  all  live  load  and  it  is  general 
practice  to  double  this  for  impact,  whereas  with  the  machine  above,  only  the  suspended  load  is 
live  load.  Further,  the  total  overhead  height  required  for  the  overhead  machine  is  only  from 
3  to  4  ft.  more  than  for  the  basement  installation,  entailing  but  little  additional  cost,  whereas  the 
basement  location  requires  a  separate  fireproof  room  for  the  machine,  the  cost  of  which,  and 
space  required,  are  both  considerable  items. 

Direct>current  passenger  elevator  machines  also  should  be  located  overhead,  excepting 
for  private  residences,  when  they  should  go  in  the  basement,  on  masonry  foundations. 

In  the  case  of  alternating-current  passenger  elevators,  each  proposed  installation  must  be 
carefully  considered  by  itself.  The  insistent  hum  peculiar  to  alternating-current  apparatus 
can  be  the  source  of  much  annoyance,  and  as  the  building  acoustics  may  aggravate  this,  the  pro- 
priety of  locating  alternating-current  machines  overhead  in  hospitals,  apartments,  and  hotels 
is  questionable.  So-called  soundin-oof  or  sound  insulating  platforms  below  the  machines  may  or 
may  not  be  effective.  What  gives  satisfactory  results  in  one  building  may  fail  entirely  in  another 
in  this  respect,  due  to  structural  conditions. 

Belted  machines  are  almost  invariably  hung  from  one  of  the  ceilings  most  convenient  to  the 
line  shaft  drive. 

Excluding  the  sidewalk  or  winch  type,  the  gearing  for  the  hand  elevator  is  always  located 
overhead. 

It  ia  impooBtble  to  give  here  any  method  for  determining  penthouse  area,  as  the  sUe  of  machine,  aise  and  shape 
of  car,  location  of  car  entrances  and  placing  of  counterweight  are  all  determining  factors.  For  general  approzima- 
tiona,  the  only  safe  practice  is  to  assume  a  considerable  extension  of  the  penthouse  beyond  the  hatchway  lines  on 
one  side,  and  excepting  in  the  esse  of  cars  10  ft.  deep  or  over,  an  extension  on  one  end  as  well,  although  with  many 
large  freight  elevators  the  penthouses  need  be  no  larger  than  the  hatchways.  Do  not  attempt  to  fix  penthouse 
dimensions  ^th  finality,  or  the  door  location  in  same,  without  competent  expert  advice. 

The  elevation  of  the  machine  supports  above  the  top  landing  floor  for  ordinary  freight  and  medium  speed 
passenger  elevators,  is  fixed  as  follows: 

Height  of  car  top,  plus  1  ft.  for  freight  or  IH  ft.  for  passenger  cars,  plus  legal  run-by  clearance,  varying  from 
2  to  4  ft.,  plus  an  additional  2  ft.  for  underhung  deflecting  sheaves,  which  may  or  may  not  be  required. 

The  dear  h'eight  above  machine  supports  should  be  not  less  than  7  ft.  for  the  same  class  of  elevators. 

All  of  the  above  figures  represent  general  practice  throughout  the  United  States.  They  should  in  all  cases 
be  checked  against  controlling  regulation. 

For  high  speed  elevators,  the  run-by  ciearanoe  may  have  to  be  as  much  as  7  ft.,  and  with  the  gearless  traction 
elevator  the  total  height  above  the  top  landing  should  be  about  33  ft.  6  in.,  10  ft.  6  in.  of  which  should  be  above 
the  main  machine  supports. 

Elevator  pit  depths  are  in  most  looalitiea  a  matter  of  legal  requirement,  varying  from  approximately  4  ft. 
for  medium  speeds,  up  to  12  ft.  for  high  speed  gearless  traction  elevators  using  terminal  oil  buffers.  Hatchway 
walls  should  be  reasonably  plumb.  Any  offsets  reduce  the  car  sise  and  waste  the  extra  clearance  occurring  above 
the  offsets.  Door  or  gate  silb  should  be  set  exaotly  plumb  in  order  that  there  may  be  no  exoessive  olsaranoe  ba- 
tween  the  car  and  any  sill. 
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Tabus  1 
Note — ^The  areas  in  a  given  column  are  not  related  to  the  dimensions  in  adjoining  columns 


o 

J 

■♦» 

^5 

a  'S 
5  «£: 

Elevator 
capacity 

Private 
residence 

Hospital* 

g 

a 

1 

< 

1 

3 

s 
m 
o 

Departmen 
store 

Service  or 
employee 

Industrial 
truck 

Qange 

Pounds 

Loading 

75  1b. 
per  sq.  ft. 

Car  sise 

Loading — ^75  lb.  per  sq.  ft. 
(Areas  in  sq.  ft.)^ 

Loading 
100  1b. 

per  sq.  ft. 
(areas) 

Car  sise 

Car  sise 

1.000 

13  sq.  ft. 

1,500 

5'  0"  X  7'  0" 

20 

20 

2,000 

• 

5'  0"  X  7'  0" 
6'  0"  X  8'  0" 

26 

26 

26 

26 

26 

26 

2,500 

5'  0"  X  8'  0" 
5'  0"  X  9'  0" 

33 

33 

33 

33 

33 

33 

3,000 

. 

40 

40 

40 

40 

30 

4.000 

53 

53 

53 

40 

6'4"X    O'O" 

5.000 

66 

66 

50 

8'  0"  X  18'  0" 

6,000 

iCar  areas  are 
1st  car  dimen 

inside  net  areas. 

sions  are  outside  width. 

80 

60 

9'  4"  X  17'  0" 

10*  0"  X  20*  0" 

7,000 

2nd  car  dimei 

Qsions  are  outside  de] 

pth. 

93 

70 

6'  4'   X  17'  0" 

8.000 

106 

80 

6'  4"  X  17'  0" 

10'  0"  X  24'  0" 

10.000 

133 

100 

9'  4"  X  17'  0" 

10*  0"  X  26'  0" 

12.000 

100 

120 

9'  4"  X  17'  0" 

* 

10'  0"  X  ac  0" 

*  When  ordinances  specify  75  lb.  density  for  passenger  car  rating,  special  permission  must  be  obtained  to 
use  any  of  the  above  hospital  car  sises. 

When  local  ordinances  require  80  lb.  density  for  passenger  cars,  the  above  sises  must  be  reduced. 


Car  depth 


I 


For  passenger  and  service  work,  cars  preferably  should  be  made  wide  and  shallow,  or  square,  ezoeptiiig  for 

special  service  conditions,  of  which  the  hospital  elevator  is  an  example. 
Elevators  for  miscellaneous  freight  work,  as  in  loft  buildings,  etc..  may 
be  approximately  square  (see  Fig.  11  for  passenger  car  proportions). 

For  industrial  truck  service,  cars  should  be  proportioned  to  sise  and 
number  of  trucks  to  be  carried  at  one  time.  Table  1  suggests  suitable 
dimensions. 

Table  1  and  Fig.  12  give  hatchway  clearances  and  platform 
proportions. 

Cars  should  be  made  side  poet  if  at  all  possible,  and  the  larger  the 
elevator  the  more  desirable  it  Ib  to  follow  the  side  post  arrangement, 
which  necessitates  locating  all  hoistway  doors  on  the  same  or  opposite 
sides  of  the  car.  Side  post  cars  are  stiffer  and  more  rugged,  and  will 
stand  up  better  in  heavy  service,  and  the  first  cost  also  is  less,  both  for 
the  oar  frame  itself  and  for  the  gtiide  work. 

Door  openings  should  be  kept  as  wide  as  possible.  Narrow  entrances 
reduce  efficiency  both  in  freight  and  passenger  service. 

Steel  guides  are  preferable  to  wood,  although  in  many  cases,  parti- 
cularly for  freight  elevators,  wood  guides  will  give  good  service.     In 
some  cities,  they  are  prohibited  because  they  are  non-fireproof.     They 
are  more  subject  to  wear  and  do  not  keep  their  alignment  as  well  as  the 
steel  rails,  although  their  first  cost  is  less.       Wood  guides  are  practically 
never  used  today  for  high  class  installations. 
Substantial  provision  should  be  considered  for  intermediate  guide  rail  fastening  in  all  cases  where  distances 
between  floors  exceed  approximately  10  ft.     In  the  case  of  heavy  loads,  and  particularly  with  deep  cars,  fastenings 
should  occur  every  7  or  8  ft.     In  such  cases,  if  the  hatchway  construction  does  not  provide  for  intermediate  fasten- 
ings, the  rails  should  have  sructural  steel  backing. 

9.  Car  Frames. — Car  frames  are  preferably  of  steel,  including  the  platform  framing,  and 
the  car  safety  grips  should  be  carried  in  or  below  substantial  cross  members  which  are  independ- 
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ent  of  the  platform  framing  and  on  which  the  i^atform  should  be  supported.  In  brief,  the  car 
frame  should  be  a  com^dete  steel  rectangle,  with  the  safety  carrying  structure  as  the  bottom  mem- 
ber, and  the  steel  croashead,  to  which  the  cables  are  attached,  as  the  upper  member,  with 
vertical  connections  or  stiles  consisting  of  steel  channels.  In  heavy  work  these  stiles  should  be  of 
extra  heavy  section,  or  reinforced  with  angles  bolted  to  the  channel  flanges. 

A  special  type  of  oar  frame  ifioating  a^upennon)  has  been  devised  for  very  long  platforms,  as  used  for  the  largest 
motor  trucks  and  some  special  services.  The  design  is  calculated  to  relieve  the  car  frame,  platform,  and  rail 
fastenings  of  the  excessive  racking  strains  due  to  the  impacts  from  heavy  loads  occurring  far  out  from  the  guides, 
which  strains  are  aggravated  in  the  event  of  the  car  platform  being  stopped  below  the  landing  level.  In  this  design 
there  are  two  secondary  crossheads,  one  near  either  end  of  the  platform.  From  each  of  these,  cables  lead  to  an 
independent  or  car  counterbalance.  As  the  platform  depresses  with  the  first  load  impact  on  its  extreme  end,  the 
entire  weight  of  this  independent  counterbalance  is  taken  on  the  set  of  cables  leading  to  the  corres]x>nding  cross- 
head,  thereby  relieving  the  car  frame,  etc.,  accordingly.  As  the  load  centers,  the  other  set  of  cables  gradually 
assumes  a  share  of  the  weight  of  the  counterbalance,  until  the 

two  sets  of  cables  are  in  equal  tension  and  the  car  frame  and       ji-a..  ^ /t..  r.,,.,.,   .—  ..n-y/'r..-  ^^«m. 

platform  are  m  balance.     No  equalisers  should  be  used  with.    j»fcr»  mdcapuafka.  mn/  mdivkMccaes  con 
these  counterbalance  ropes.     The  main  or  lifting  ropes  hitch,  ss     iv  ft^pirwdmon  chsefy  wfmn  ff/fcond/^ons  arw 


usual,  to  the  central  or  guided  orosshead,  and  the  car  safety  is 
located  below  the  center  of  the  platform.  There  is  only  one  set 
of  car  guides,  centrally  placed,   and  one  set  of  car  safety  grips 

10,  Elevator  Service. — The  vital  part  that 
elevator  service  i^ays  not  only  in  the  individual 
building,  but  in  the  daily  life  of  the  large  city  cannot 
better  be  brought  out  and  emphasized  than  by  setting 
forth  the  fact  that  on  the  island  of  Manhattan  alone 
the  10,000  passenger  elevators  exclusive  of  residence 
installations,  average  over  100,000  miles  of  car  travel 
per  day,  and  handle  about  10,000,000  people,  or  twice 
the  number  that  all  of  the  elevated  railway,  surface, 
and  subway  lines  for  all  five  New  York  City  boroughs 
carry  in  24  hr. 
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The  measure  of  occupational  or  rental  value  of  all  building 
floor  space  lies  in  its  immediate  adaptability  to  the  required 
purpose  and  in  its  accessibility,  either  for  merchandise  or  people. 
Immediately  the  provision  of  Hoor  space  above  or  below  street 
grade  is  contemplated,  the  question  of  accessibility  bcKiomes  in 
part  at  least's  matter  of  vertical  transportation.  From  this  it 
follows  that  the  means  of  such  vertical  transportation  must  be 
studied  as  one  of  the  vitally  important  elements  in  the  successful 
exploiting  of  the  property. 

In  a  work  of  this  character  it  is  practical  to  give  only  an  out- 
line of  the  salient  items  to  be  considered  in  studying  any  elevator 
service  problem.     Every  case  will  have  its  individual  features 

and  setting  which  will  have  strong  bearing  on  the  solution  of  that  particular  problem,  and  the  cooperation  of  the 
capable  and  experienced  expert  in  elevator  service,  if  one  is  available,  should  be  obtained. 

10a.  Freight  Service. — Intelligent  consideration  of  the  subject  in  any  given 
ca^  demands  that  first  a  careful  analysis  be  made  of  the  transportating  requirements.  First 
must  be  determined  how  many  tons  of  goods  must  be  handled  in  the  busiest  period,  and  what 
will  be  the  length  of  that  period.  What  will  be  the  largest  bulk  to  be  transported  as  a  unit,  is 
the  next  question,  as  well  as  how  the  major  portion  of  the  goods  will  be  carried;  i.e.,  in  individual 
units  by  hand,  or  on  two  or  four  wheeled  trucks^  together  with  the  size  and  weight  of  the  trucks 
considered. 

If  a  comparatively  small  quantity  only  of  goods  must  be  handled,  and  that  under  conditions 
which  do  not  render  it  necessary  to  consider  time  of  any  particular  value,  but  little  thought 
may  be  required  to  properly  conclude  that  one  elevator  will  meet  all  requirements.  In  this 
event,  the  sice  of  the  platform  and  the  load  capacity  are  governed  entirely  by  the  bulk  and 
weight  of  the  goods  and  their  carriers — that  is,  baskets,  trucks,  wheeled  bins,  etc. — and  provision 
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for  the  operator  and  any  others  who  perhaps  must  accompany  the  goods.  The  car  speed,  may  be 
slow,  for  it  is  quite  certain  that  no  such  leisurely  condition  will  obtain  in  any  but  a  small  btiild- 
ing  of  few  stories. 

A  little  more  active  service  will  require  consideration  as  to  the  comparative  merits,  under  the 
given  circumstances,  of  a  single  larger  and  faster  elevator,  or  two,  each  of  lesser  speed  and 
capacity,  but  when  combined  capable  of  giving  materially  more  than  double  the  capacity  of 
one  alone,  for  in  all  probability  workmen  and  others  apart  from  those  immediately  concerned 
with  the  elevator  will  be  retarded  or  speeded  in  their  tasks  according  to  the  character  of  the  ele- 
vator service. 

The  same  reasoning  applies  with  a  still  further  increase  in  service  requirements.  Shall  it 
be  three  large  capacity  elevators,  or  four,  or  even  five  smaller  ones?  And  if  the  latter,  need  they 
have  minimum,  medium,  or  maximum  freight  type  speed? 

One  elevator,  of  even  medium  size,  conceivably  may  give  adequate  tonnage  capacity,  but 
due  to  excessive  loading  and  unloading  time  for  the  hulk  of  the  goods  carried,  the  period' between 
trips  may  be  so  long  as  to  unduly  handicap  those  charged  with  and  dependent  upon  their  trans- 
portation, while  the  miscellaneous  service  also  must  be.  considered.  The  introduction  of  the 
second  elevator  cuts  this  between  trip  period,  or  waiting  interval,  to  less  than  half,  for  the 
loading  and  unloading  time  for  each  elevator,  on  account  of  the  lesser  loads,  will  be  reduced,  and 
the  round  trip  time  of  the  smaller  elevator  will  be  less  than  for  the  large  one  at  the  same  car  speed. 

As  the  running  time  for  the  car,  plus  the  loading  and  unloading  time,  including  the  hoist- 
way  door  or  gate  time,  or,  in  brief,  the  round  trip  time,  divided  by  the  number  of  elevators, 
gives  the  interval  between  departing  cars,  it  follows  that  the  number  of  elevators  is  a  function 
not  only  of  tonnage  capacity,  but  of  permissible  or  practical  waiting  interval,  and  this  also  must 
be  considered  in  studying  the  individual  elevator  problem. 

It  should  be  clear,  also,  from  the  above,  that  under  conditions  of  active  service,  maximum 
results  are  obtained  with  the  minimum  number  of  elevators  by  locating  the  elevators  in  a  single 
group,  rather  than  by  attempting  to  favor  different  sections  by  separating  the  elevator  units. 
With  very  large  floor  areas  to  be  served,  it  may  be  found  advisable  to  use  two  or  more  central 
groups. 

If  it  can  be  arranged  to  handle  the  goods  on  four-wheel  trucks,  the  round  trip  time  will  be  noaterially  reduced 
through  the  resultant  shortening  of  the  loading  and  unloading  time,  and  the  minimum  number  oi  elevators  will 
be  made  possible.  Under  this  condition  the  car  platforms  can  be  made  suitable  in  sise  for  one,  two,  or  four  trucks, 
and  if  the  service  will  be  active,  by  all  means  provide  opposite  openings  on  the  cars,  and  traffic  lanea  on  the  fioors, 
so  that  as  one  set  of  trucks  goes  off  through  one  opening,  another  waiting  set  may  come  on  through  the  other, 
without  interference. 

In  the  largest  freight  and  terminal  warehouses,  goods  are  handled  on  trucks  as  above  suggested,  and  where 
distances  to  and  from  the  elevators  are  considerable,  these  trucks  are  made  up  into  trains  of  from  six  to  ten  and 
haxiled  by  small  tractors.  The  tractors  are  rarely  taken  off  their  respective  floors,  greater  profitable  activity 
being  maintained  by  keeping  them  off  the  elevators.  Usually  it  works  out  that  the  greatest  horisontal  activity 
occurs  on  one  or  two  leveb,  and  being  split  up  for  the  upper  floors,  is  materially  lighter  there.  Then  if  the  horisontal 
runs  do  not  exceed  a  maximum  of  80  to  100  ft.,  the  goods  truck  can  be  hauled  advantageously  by  hand  on  the  upp  ^r 
levels. 

It  is  in  service  of  this  character,  where  heavily  loaded  industrial  trucks  are  used,  that  the  micro  levdling  equip- 
ment has  its  greatest  value  for  freight  work.  It  facilitates  the  on  and  off  truck  movement,  thereby  shortening 
the  round  trip  time,  and  saves  the  car  frame,  platform,  and  guide  fastenings  from  the  excessive  racking 
which  would  result,  without  the  levelling  device,  from  the  impact  of  truck  wheels  dropping  considerable  distances 
from  landings  to  the  level  of  which  the  operator  may  have  failed  to  bring  the  oar  platform.  • 

Excepting  for  considerable  rises,  car  speed  is  not  a  very  large  factor  in  the  round  trip  time  of  a  freight  elevator. 
Speed  suggestions  are  covered  in  Table  2  but  in  general,  each  case  should  be  ttudied  on  the  basis  of  two  or  more 
hypothetical  speeds  to  determine  the  most  advantageous  one.  Will  an  increase  of  50  ft.  per  min.  over  a  given 
speed  resxilt  in  sufficient  additional  round  trips  per  minute  on  the  part  of  each  elevator  to  permit  of  the  installa- 
tion of  one  less  in  number?  Or 'by  retaining  the  same  number,  but  at  the  higher  speed,  will  the  service  be  so  much 
better  that  the  saving  in  time  of  men  and  tools  dependent  upon  elevator  service  will  more  tnan  carry  the  interest 
and  sinking  fund  on  the  increased  investment? 

To  get  the  round  trip  time,  figure  twice  the  elevator  rise,  at  the  rated  speed  if  not  over  150  ft.  per  min.,  add 
about  10  see.  for  each  stop  including  the  top  and  bottom  landings  served,  plus  the  unloading  and  loading  time  at 
that  landing.  The  load  time,  in  or  out,  will  vary  from  a  minimum  avsrao^  of  one  seoond  4aeh  way  for  a  person 
to  five  seconds  for  a  small  truck  and  seven  to  ten  for  a  large  loaded  truok.  Goods  not  on  truekt  wiU  teke  more 
time,  according  to  bulk  and  weight. 
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Tablb  2. — Spbbd  Suggestions  for  Pasbsngbr  Sbrtige 


Type  of  buildinc  or  service 


Floors 


Resideooe 

Apartments — Middle  cIms 

Apartments — High  class 

Apartments — Hich  class 

Ajmrtments — Hotel — Middle  class 
Apartments — Hotel — High  class. . . 
Apartments — Hotd — High  class. . , 

Hotda — Small — Ck>mmercial 

Hotels — Small — Commercial 

Hotds — Large-— Commercial 

Hotels — ^LArge — Select 

Stores — Small  dty 

Stores — Large  dty 

Office— Small  dty 

Office — ^Large  dty 

Office— Large  dty 

Loft  bnUdings 

Loft  buildings 


8 
Overs 

•  • 

S 
Over  8 

8 
Overs 


10 
12 
16 
10 
Over  10 


Type  of  elevator 


Worm  geared 


1  :  1  roping 


Speed  F.  P.  M. 


100 
200-250 
250-350 

300 
250-350 

850 

•  • 

250-350 
350 


200-300 
200^50 

850 

350 

•  • 

200-300 
350 


Q  earless  traction 


2  :  1  roping 


Speed  F.  P.  M. 


1  : 1  roping 


Speed  F.  P.  M. 


350-450 

350-450 
350-450 

850-150 
350-450 


300-400 
850-450 

•  • 

850-450 


000 


500-600 


500-600 
500-600 


500-600 
600-700 

600-600 


Wbat  seems  to  be  a  natural  tendency  to  make  elevators  unduly  large  should  be  giuirded  against.  It  wastes 
power  to  haul  an  unnecessarily  large  car  and  a  corresponding  counterweight,  back  and  forth,  in  addition  to  the 
loss  from  tjring  up  ezcesdve  capital.  It  should  be  borne  in  mind  that  in  spedfying  a  capadty,  the  purchaser 
does  not  have  to  make  allowance  for  the  weight  of  the  car  as  it  is  universally  understood  that  the  spedfied  or 
duty  load  is  nH.  Also,  if  a  reputable  and  capable  builder  is  dealt  with,  the  purchaser  does  not  need  to  provide 
any  safety  margin,  as  the  builder  will  see  to  it,  for  the  sake  of  his  own  reputation,  that  the  safety  factors  through- 
out are  ample,  although  one  builder  may  go  farther  than  another  in  that  direction. 

Ndther  is  it  good  business  to  provide  an  excess  capadty  in  order  to  be  able,  on  rwr^  occationa,  to  handle  some 
heavy  piece  of  machinery.  Better  to  get  an  elevator  suitable  for  the  normal  service  of  the  plant,  and  dther  dis- 
mantle any  heavy  machinery  which  must  be  handled  thereon,  if  only  very  occadonally,  or  even  to  rig  a  block  and 
fall  for  it 

The  average  freight  elevator  capadty  is  equal  to  a  rate  of  75  lb.  per  sq.  ft.  loading  for  the  platform  area,  and 
only  under  exceptional  conditions  which  are  fixed  with  a  fair  degree  of  certainty  for  a  very  condderable  time, 
as  in  incandescent  lamp  storage  houses  and  other  places  where  the  goods  are  unusually  light  for.  their  bulk,  should 
the  capad^  be  less  than  for  a  60-lb.  rating.  Even  though  40  lb.  might  serve  the  tenant's  actual  requirements, 
and  his  reason  for  wanting  a  large  car  be  a  good  one,  there  is  no  sure  means  of  preventing  some  one  with  poor  judg- 
ment from  grossly  overloading  when,  figuratively  speaking,  the  chief's  back  is  turned.  Further,  today's  tenant, 
a  paper  box  dealer,  may  be  replaced  tomorrow  by  one  who  handles  merchandise  of  more  normal  weight.  From 
this  it  would  seem  prudent  to  provide  at  all  times  for  at  least  normal  or  average  service. 

For  industrial  service  of  a  heavy  character,  capadties  should  be  figured  on  the  basis  of  approximately  100  lb. 
per  sq.  ft.  of  car  area. 

10&.  Speed  of  Freight  Elevators. — Freight  elevators  now  installed  fall  in  two 
classes;  viz,,  those  with  a  rise  of  three  stories  or  less,  having  an  average  speed  of  50  ft.  per 
min.,  and  those  having  an  average  rise  of  five  stories  and  travelling  100  ft.  per  min.  If  the 
actual  car  running  time  forms  a  considerable  proportion  of  the  total  round  trip  time,  includ- 
ing the  time  for  loading,  speed  is  of  more  importance  and  should  get  greater  consideration 
than  where  any  practical  increase  would  make  but  a  comparatively  small  percentage  of  change 
in  the  total  period.  In  a  general  way  the  following  speed  figures  apply.  It  is  doubtful  if  as 
low  a  speed  as  60  ft.  per  min.  or  half  a  mile  an  hour,  is  good  practice  for  more  than  one 
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story  rise,  unless  very  heavy  loads  are  to  be  lifted,  and  then  only  occasionally,  and  for 
three  stories  it  should  be  at  least  76  ft.  per  min.  100  ft.  per  min.  is  a  fair  speed  k>r  from 
four  to  six  stories,  in  the  ordinary  industrial  plant.  While  for  more  than  five  or  six  stories,  150 
ft.  per  min.  has  been  considered  fair  practice,  many  of  the  more  modem  manufacturing  plants 
have  installed  as  high  as  450  ft.  per  min.  freight  elevators.  If  150  ft.  per  min.  or  over,  two 
speed  motors  should  be  used  to  facilitate  fair  stops.  As  pointed  out  elsewhere,  if  trucks  are  to 
be  used  and  the  service  is  heavy,  it  is  good  economy  to  install  the  micro  levelling  type  of 
machine. 

10c.  Passenger  Service. — The  principles  involved  in  selecting  elevators  for 
passenger  service  in  different  classes  of  buildings  probably  are  best  brought  out  by  following 
them  through  for  a  large  office  building  development.  The  average  density  of  population  of 
the  general  run  of  business  buildings  of  the  office  type,  if  located  in  the  busy  section  of  large 
cities,  is  about  120  sq.  ft.  of  floor  area  for  each  occupant.  When  one  or  two  large  concerns 
occupy  a  whole  building,  the  population  is  quite  sure  to  be  more  dense,  running  in  some  instances 
as  high  as  one  person  to  every  80  ft.  of  floor  space.  In  the  absence  of  more  specific  data  for 
a  given  case,  unless  the  building  comes  within  the  last  suggested  class,  110  ft.  per  person  is  a 
fairly  safe  guide. 

Next  to  be  considered  is  the  rate  of  trafiic  flow  at  the  busiest  time  of  the  day.  Probably 
the  peak  periods  are  in  the  morning,  at  lunch  time,  and  around  five  o'clock,  and  in  the  busiest 
buildings  where  tests  have  been  made,  the  rate  has  been  found  to  be  such  as  to  include  the 
equivalent  of  the  entire  building  population  in  45  min.  In  other  active  buildings  it  has  run 
from  50  to  60'min.,  which  is  also  the  period  for  the  busy  hotel.  This  is  called  the  transportation 
period.  In  office  buildings  the  actual  period  of  greatest  rush  is  from  15  to  20  min.,  during  which 
time  a  number  equal  to  one-third  the  building  population  is  handled.  With  these  figures, 
the  probable  rate  of  passenger  traffic  can  be  predetermined. 

The  next  questions  is  that  of  proper  interval  between  departing  cars.  Thirty  seconds  seems 
to  be  the  mQjdmum  which  can  be  considered  as  satisfactory  service  for  an  important  building 
in  a  metropolitan  city,  and  is  as  long  as  a  busy  man  will  wait  contentedly  after  having  just 
missed  one  car.     In  the  best  buildings  the  service  is  based  upon  intervals  of  from  25  to  27  sec. 

The  product  of  building  population  times  interval,  divided  by  the  transportation  period, 
gives  the  number  of  passengers  which  each  car  must  carry  in  order  to  handle  the  people  in  the 
given  time,  or 

Population  X  interval  u     j.    u       — .•  j       i.  a-j 

=-^- — -: 7-^  —  number  to  be  earned  each  tnp 

Transportation  period 

If  this  formula  gives  a  normal  passenger  capacity  of  more  than  15,  the  assumed  interval  should 
be  reduced,  resulting  in  more  and  consequently  smaller  cars. 

During  the  rush  period,  traffic  is  practically  all  in  one  direction,  and  stops  for  that  direction  will  be  made  at 
most  of  the  floors  and  at  none  on  the  return.  This  is  if  the  cars  are  all  runnng  local  for  the  full  height  of  the 
building,  and  with  this  condition  the  average  car  speed  for  one  direction  will  be  about  one-half  of  the  rated  speed, 
and  f  ul  speed  in  the  other  direction,  or  about  two-thirds  the  rated  speed  as  the  average  for  the  round  trip.  Add 
to  the  running  time  thus  obtained  16  sec.  for  terminal  slow  downs  and  synchronising  with  the  other  cars  in  the 
group,  5  sec.  for  each  landing,  including  the  first,  for  opening  and  closing  the  hoistway  doors,  and  3  sec.  more  each 
time  if  there  is  a  car  gate  and  it  must  be  closed  before  the  car  will  start,  and  2  sec.  for  each  passenger  carried,  as 
the  total  for  getting  on  and  off,  and  the  total  roimd  trip  time  is  obtained.  This  divided  by  the  interral  will  give 
the  minimum  number  of  elevators  necessary  to  maintain  the  schedule. 

In  very  high  buildingSt  it  is  usually  found  advantageoxis  to  divide  the  elevators  into  two  groups  or  more, 
one  group  (in  the  case  of  two)  serving  all  floors  up  to  two  or  three  floors  above  the  middle,  and  another  group 
running  express  to  the  last  local  stop,  or  to  the  first  floor  above  it,  and  then  local  to  the  top.  The  division  point 
should  be  such  as  to  result  in,  as  nearly  as  possible,  the  same  round  trip  time  for  each  group.  The  number  of  floors 
to  be  served  by  any  one  car  should  not  exceed  sixteen.  On  this  basis  of  locals  and  expresses,  each  group  must 
be  considered  alone  as  to  passengers  to  be  carried,  interval,  etc.,  and  with  the  expresses,  the  average  speed  for  the 
round  trip  will  be  greater  than  two-thirds  the  rated  speed,  as  a  greater  proportion  of  the  run  will  be  made  at  full 
speed. 

If  one-third  the  round  trip  run  is  made  as  a  local  at  half  speed,  and  two-thirds  as  express  at  full  speed,  the 
average  speed  is  derived  thus: 

H  of  distance  at  H  speed  -•  H  of  full  speed  time. 
H  of  distance  at  full  speed  »  H  of  full  speed  time. 
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Th«  sum  is  ^  the  full  speed  time,  the  equivalent  of  which  is  the  fraction  inverted,  or  ^i  full  speed  as  the 
round  trip  averase. 

For  good  office  building  service  the  ear  should  not  hold  more  than  15  people  besides  the  operator,  based  upon 
2  sq.  ft.  of  dear  area  per  passenger,  and  adding  4  sq.  ft.  for  the  operator,  nor  should  it  hold  less  than  11  passengers, 
even  though  the  formula  for  capacity  might  indicate  less.  The  machine  should  have  a  minimum  capacity  of  75 
lb.  per  sq.  ft.  of  platform  area. 

In  the  largest  buildings,  eaoh  group  of  levators  is  stopped  off  at  the  topmost  floor  which  it  serves,  thus  keep- 
ing the  cost  down  and  conserving  space  on  the  floors  above,  but  in  the  ordinary  building  it  is  wiser  to  run  all  ele- 
vators through  to  the  top,  and  to  make  them  in  all  cases  as  nearly  uniform  as  possible. 

The  passenger  service  requirements  in  large  first-lass  hotels  is  quite  similar  to  that  in  office  buildings.  In 
the  smaller  office  buildings  and  hotels,  enough  elevators  to  give  service  on  a  30-sec.  schedule  at  all  times  are  seldom 
warranted  on  account  both  of  the  expense  and  space  requirements,  and  a  compromise  therefore  must  be  reached, 
baaed  upon  such  planning  as  to  sises  and  location  of  the  elevators  installed  as  to  insure  the  maximum  of  service 
from  them. 

In  the  larger  buildings  one  or  more  extra  elevators  should  be  provided  to  allow  for  shut  downs  to  make  ad- 
justments and  repairs,  and  one  or  more  should  be  adaptable  as  service  elevators  for  handling  freight,  etc.  Ash 
lifts  also  should  be  provided,  of  1000  to  1500  lb.  capacity  and  speed  about  20  ft.  per  min. 

For  hotels,  the  service  elevators,  for  handling  the  help,  carrying  up  meals,  etc.,  and  handling  freight,  etc., 
will  be  required  to  do  practically  as  much  as  the  passenger  elevators,  and  they  cannot  be  slighted  excepting  at 
the  expense  of  service,  which  is  part  of  the  hotel's  stock  in  trade.  In  the  largest  hotels,  elevators  are  set  aimrt 
especially  for  freight  service,  and  the  service  or  employees*  elevators  are  as  large  and  fast,  practically,  as  the  guest 
elevators.     Separate  kitchen  lifts,  aah  hoists,  and  ball  and  banquet  room  elevators  are  often  provided. 

Care  should  be  taken  to  so  locate  hotel  elevators  as  to  be  readily  accessible  and  yet  so  that  the  passenger 
traffic  shall  not  interfere  with  the  other  business  of  the  lobby.  Keep  the  guest  elevators  and  the  service  elevators 
together  in  their  respective  groups.  Unless  more  than  six,  they  should  be  arranged  side  by  side  rather  than  on 
opposite  sides  of  a  corridor  or  alcove  as  is  sometimes  done.     This  last  applies  as  well  also  to  office  building  elevatore. 

• 

lOd.  Speed  of  Passenger  and  Service  Elevators. — ^Passenger  and  service  ele- 
vators are  running  under  the  most  efficient  conditions  when  the  car  running  time  is  about  equal 
to  that  taken  for  opening  and  closing  the  doors  and  for  the  loading  and  unloading  of  passengers, 
and  this  occurs  when  the  car  carries  passengers  equal  in  number  to  ^o  of  the  floors  above  the 
first  which  the  elevator  serves.  However,  it  is  not  practical  to  limit  the  car  area  to  this 
rating. 

Table  2  gives  a  fair  idea  of  suitable  speeds  for  buildings  of  different  classes  and  heights. 
It  may  be  argued  that  even  with  fairly  high  rises,  if  the  cars  must  stop  at  every  floor,  as  in  de- 
partment stores  for  example,  speed  is  unimportant.  Within  limits,  however,  this  is  not  true, 
for  an  elevator  capable  of  high  speed  will  accelerate  to  medium  speed  appreciably  quicker 
than  a  medium  speed  elevator  will  acquire  its  maximum,  and,  therefore,  the  full  run  will  be 
made  more  quickly. 

The  department  store  probably  advantageously  uses  a  wider  range  of  elevator  equipment  than  perhaps  any 
other  class  of  enterprise. 

First  and  most  important  are  the  passenger  elevators,  which  must  be  sufficient  in  number  to  give  a  normal 
interval  between  cars  as  previously  explained.  This  interval,  for  the  best  stores,  should  not  exceed  45  sec.  Large 
cars  (50  to  55  sq.  ft.)  are  advantageous  in  the  handling  of  bargain  crowds,  etc.,  but  there  probably  is  no  question 
but  that  more  elevators  with  car  areas  approximating  40  sq.  ft.  will  give  more  satisfactory  service  in  the  long  run. 
The  policy  in  the  past  has  been  to  place  the  elevators  in  several  groups,  based  on  the  theory  of  affording  more  or 
less  special  service  for  the  several  major  sections  of  the  stores,  but  recent  experience  seems  to  point  to  the  advisa- 
bility of  concentrating  in  one  centrally  placed  group,  well  away  from  the  main  entrances. 

This  arrangement  will  insure  the  greatest  traverse  in  the  aggregate  of  floor  space  by  the   customers,  thereby 
bringing  more  counter  displays  to  their  attention,  and  it  is  obvious  that  the  interval  between  cars  will  be  reduced 
to  one-half  or  one-third  the  best  interval  under  the  group  arrangement.     Shortening  the  interval  reduces  conges- . 
tion.  whereas  increasing  car  sises,  by  lengthening  the  round  trip  time,  and,  therefore,  the  interval,  tends  to 
increase  congestion. 

Service  or  employees'  elevators  should  be  treated  on  the  same  general  principle  as  the  passenger  equipment, 
using  approximately  the  same  car  areas  and  speeds. 

Freight  elevators,  as  distinct  from  service  elevators,  should  be  considered  for  handling  the  more  bulky  goods, 
including  furniture,  wheeled  bins,  trucks,  baskets,  etc.  The  freight  speed  should  be  from  150  to  250  ft.  according 
to  building  height. 

The  passenger  elevator  service  can  be  rendered  much  more  efficient  by  eliminating  service  to  the  basement, 
and  where  this  can  be  practically  worked  out  by  using  escalators  or  fixed  stairways,  it  is  to  be  recommended. 

In  the  largest  modern  stores,  escalators  have  been  found  to  be  most  efficient  and  popular  adjuncts  to  the  ele- 
vators. In  addition  to  the  regular  passenger  service,  they  are  used  to  handle  the  bulk  of  the  employees  in  the 
periods  of  arrival  and  departure. 

Inclined  elevators  give  good  service  between  the  basement  and  the  street  level,  for  handling  the  store  trucks, 
etc. 
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The  ipinl  eonyeyor  if  usually  oonsldered  a  rery  important  part  of  the  tranaportation  Mheme  for  deUTcrins 
goods  from  the  sales  floors  to  the  shipping  room  and  also  from  the  upper  stoek  rooms  to  the  diCFereat  salea  floors. 
The  spiral  oonreyors  from  the  sales  floors  are  usually  of  the  two' spiral  type,  one  spiral  being  for  C.  O.  D.  paokages 
and  the  other  spiral  for  charge  packages.  The  spiral  conveyors  for  the  stock  room  service  are  usually  provided 
with  separate  spirals  for  each  sales  floor  and  if  such  floors  exceed  three  in  number,  an  additional  conveyor  is  pro- 
vided, thus  affording  a  spiral  for  each  sales  floor.  At  each  of  these  floors  an  enclosure  with  a  desk  is  built  around 
the  outlet  of  the  conveyor  and  the  clerk  in  charge  is  responsible  for  all  goods  sent  down  that  particular  spiral  from 
the  stock  room.  These  spiral  conveyon  are  usually  of  the  enclosed  type  and  for  this  servioe  are  genwally  0  ft. 
6  in.  to  8  ft.  6  in.  in  diameter 

If,  as  probable,  the  building  has  its  own  power  plant,  an  ash  hoist,  either  plunger  or  eleotrio,  should  be  installed 
from  the  boiler  room  to  the  sidewalk. 

11.  Elevator  Motors. — A  direct  connected  electric  elevator  machine  should  be  equipped 
only  with  a  motor  designed  and  built  especially  for  elevator  service,  which  is  more  severe  than, 
practically  any  other  excepting  street  car  servioe,  in  that  the  motor  must  acceleiate  under  full 
load. 

Industrial  motors,  the  ratings  of  which  are  based  on  their  speed  torque  inasmuch  as  they 
acquire  speed  before  the  load  is  imposed,. are  rated  higher  than  elevator  motors,  whose  ratings 
are  based  on  their  starting  torque,  although  the  former  may  be  actually  capable  of  no  greater, 
if  as  great,  horsepower  output  in  elevator  service.  This  accounts  for  apparent  discrepancies 
between  statements  aa  to  motor  sizes  made  by  different  elevator  manufacturers,  comparatively 
few  of  whom  build  their  own  motors  or  controllers. 

The  starting  torque  must  be  unusually  high,  with  a  minimum  starting  current,  and  for  good 
control  the  speed  variation  between  no  load  and  full  load  also  must  be  minimized. 

A  minimum  power  consumption  is  partially  dependent  upon  a  minimum  heating  condition, 
which  cannot  be  obtained  from  an  industrial  motor  inducted  into  elevator  service. 

Long  armatures  or  rotors  of  minimum  diameter  should  be  used  in  order  to  keep  down  the 
kinetic  energy  of  the  revolving  parts,  which  varies  geometrically  with  the  radius  thereof. 
)  A  feature  of  the  gearless  traction  machine  lies  in  the  fact  that  with  the  slow  speed  motor  the 
efficiency  is  much  higher  with  quarter  and  half  load  than  in  the  case  of  the  high  speed  motor. 
Consequently,  as  most  elevator  service  b  performed  with  only  partial  loads,  power  consumption 
for  this  slow  speed  type  for  equal  service  is  materially  reduced. 

It  should  be  pointed  out  here  that  in  order  to  get  the  necessary  torque  with  slow  speed 
motors,  the  motor  frame  and  fields  are  practically  the  equivalent  of  those  which  would  be  used 
for  a  motor  having  4  or  5  times  the  rating,  although  the  power  consumption  with  the  slow  speed 
windings  is  materially  less  for  the  work  done  than  with  the  high  speed  motor  working  through 
a  worm  and  gear. 

Alternating-current  motors  of  both  the  slip  ring  or  external  resistance  type,  and  squirrel  cage  or  internal 
resistance  type  are  used.  While  each  type  has  its  peculiar  advantages,  the  slip  ring  has  been  the  more  univenally 
used,  partially  on  account  of  having  a  lesser  starting  current,  and  partially  because  of  lesser  speed  variation  under 
different  loads,  thus  facilitating  control. 

With  a-c.  motors  over  20  bp.,  it  is  preferable  that  only  600  r.p.m.  motors  be  used  in  order  to  keep  the  kinetic 
energy  of  the  motor  and  brake  coupling  as  low  as  possible,  while  for  smaller  motors  900  r.p.m.  may  be  used.  Al- 
though a  d-c.  motor  is  more  easily  stopped  as  the  result  of  the  dynamic  braking  effect  resulting  from  making  a 
generator  of  it,  only  for  3  to  6  hp.  should  the  speed  exceed  800  r.p.m. 

If  squirrel  cage  motors  are  contemplated,  ascertain  the  relation  of  starting  to  running  current,  and  get  the 
sanction  of  the  power  company,  based  upon  the  figures  given.  An  excess  of  one  over  the  other  is  apt  to  overtax 
their  regulating  capacity. 

Single  phase  alternating  current  is  not  at  all  suitable  for  heavy  electric  elevator  service,  although  suooessful 
residence  and  other  light  service  installations  have  been  made  of  this  type.  Only  an  elevator  type  motor  should  be 
used  and  the  power  company  must  be  consulted  regarding  starting  and  running  current  figures,  betore  commitment. 

12.  Voltage. — 220  is  the  preferable  voltage,  110  requiring  too  much  copper  to  handle  the 
amperage  and  500  being  less  desirable  on  account  of  insulation  troubles.  500  volts  must  not 
be  run  for  the  push  button  circuits  in  connection  with  automatic  elevators,  on  accoimt  of  the 
fire  hazard.  Batteries,  which  are  not  altogether  successful,  or  small  motor  generator  sets 
which  are  expensive,  must  be  used  to  obtain  the  proper  voltage  for  the  door  lock  and  button 
circuits,  if  only  a  500  volt  power  supply  can  be  had. 
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If  poMlble,  mrtAd  taUnc  alarator  powtt  from  troll«y  oirotdts.  These  are  wuelly  000  Tolto  and  have  a  ground 
connection,  with  the  result  that  grounds  in  the  derator  lines  are  difficult  to  control.  Also  the  roltage  usually 
fluctuates  ezoessiTely. 

It  is  vital  to  the  proper  functioning  of  the  controller  and  the  efficiency  of  the  machine  that  the  voltage  be 
maintained  as  nearly  constant  as  possible.  If  the  range  of  variation  exceeds  10  %  above  or  below  normal  rated 
voltage,  special  potential  compensating  magnets  should  be  provided  on  the  controller. 

« 

18.  Feed  Wires. — Feed  wires  should  be  run  in  conduit,  and  trouble  will  be  avoided  by 
permitting  no  dips  or  '*  U"  sections  in  which  water  can  collect  from  condensation.  A  fused  wall 
switch  should  be  placed  in  the  line  near  the  motor  br  controller,  so  that  the  entire  machine  may 
be  cut  off  from  power  when  being  worked  upon  or  when  not  in  use.  Some  local  regulations 
require  lightning  arresters  and  phase  reversal  switches,  as  well  as  a  fused  cut  out,  in  addition 
to  the  wall  switch,  and  at  the  meter  end  of  the  line.  Feed  wires  should  be  ample  in  size,  par- 
ticularly if  long,  BO  that  the  drop  in  voltage  may  not  be  enough  to  reduce  the  motor  efficiency 
materially. 

14.  Horsepower. — ^The  following  is  a  rough  method  of  ascertaining  the  required  horsepower 
for  an  elevator  motor.  This  is  given  merely  as  an  aid  in  ascertaining  total  power  reqxiirements 
for  a  given  building. 

Assuming  a  counterweight  overbalance  of  35  to  45%  of  the  rated  load,  the  net  horsepower 
output  required  of  the  elevator  motor  will  be  60  to  65  %  of  the  rated  load,  at  the  rated  speed. 
The  line  to  load  efficiency  of  a  worm  geared  machine  varies  from  45  to  55%,  and  of  a  gearless 
traction  from  65  to  75%.  For  this  purpose  use  45  and  65  as  maximum  figures  to  be  divided  into 
the  net  output  in  order  to  arrive  at  the  motor  sizes. 

15.  Elevator  Safeties. — Sidewalk  and  plunger  elevators,  as  well  as  carriage  and  automobile 
elevators  of  one  story  travel  and  having  their  platforms  suspended  from  each  of  the  four  comers, 
are  installed  without  giiide  grip  safeties.     All  others  should  be  equipped  with  such  safeties. 

All  safeties  should  be  designed  to  grip  the  two  sides  of  the  rails,  in  order  to  avoid  as  far  as 
possible  the  spreading  action  which  results  from  engaging  the /ace  of  the  rail.  All  safeties  should 
be  mounted  imdemeath  the  car,  as  explained  in  the  reference  to  car  frames. 

The  broken  rope  safety,  one  of  the  earliest  types,  operates  only  when  the  lifting  ropes  break, 
normally  the  pull  of  the  ropes  keeping  it  from  going  into  service.  This  type  is  suitable  only  for 
low  speeds  and  rises,  and  unimportant  service  with  wood  car  guides. 

Governor  actuated  safeties  operate  when  the  governor  trips  as  the  result  of  excessive  down 
speed.  Governors  are  set  for  speeds  sufficiently  in  excess  of  the  rated  car  speed  to  prevent  an- 
noyance from  frequent  operation  in  regular  service,  and  governor  and  safety  parts  should 
be  examined  frequently  to  insure  their  being  kept  in  free  working  condition. 

There  are  two  ^p«s  of  safeties  in  this  class — in$tarUaMotu  and  gradttal  stop.  The  first  is  used  only  with  steel 
guide  rails.  With  the  tripping  of  the  governor  a  corrugated  steel  roll,  which  is  carried  in  a  wedge  shaped  pocket 
in  a  steel  safety  shoe  located  just  below  the  platform  and  one  on  each  rail,  is  lifted  to  a  point  where  the  converging 
wall  of  the  pocket  forces  it  to  engage  the  rail.  As  the  other  side  of  the  shoe  is  against  the  opposite  side  of  the  rail, 
the  roll  jams  on  the  rail  and  the  car  stops  without  any  slide.  This  type  should  never  be  used  for  more  than  150 
ft.  car  speed,  on  account  of  the  shock  from  the  abrupt  stop. 

There  are  several  types  of  easy  stop  safeties.  The  safety  used  on  wood  rails,  which  consists  essentially  of 
saw-toothed  dogs  arranged  to  grip  each  rail,  on  both  sides  of  it,  naturally  plough  their  way  for  some  distance 
through  the  wood  before  car  movement  ceases.  This  ndns  the  sections  of  guide  where  the  engagement  occurs, 
and  new  sections  must  be  inserted. 

For  use  on  steel  rails,  a  common  form  which  is  known  as  the  wedge  damp  safely  is  designed  to  save  both  the 
apparatus  and  the  passengers  from  the  disrupting  strains  of  instantaneous  stops  from  high  speeds.  A  pair  of 
fulcrummed  steel  jaws  rides  normally  with  the  jaw  faces  just  clearing  the  rail  sides.  When  the  governor  trips, 
the  action  of  the  descending  car  is  utilised  to  force  a  wedge  between  the  power  ends  of  each  pair  of  jaws,  with 
the  result  that  the  latter  grip  the  rails  with  a  force  which  increases  as  the  car  descends,  until  a  stopping  force  has 
been  exerted.  With  different  makes,  different  methods  of  wedge  application  are  utilised,  but  the  main  principle 
is  always  the  same — i.e.,  a  resistance  which  increases  as  the  car  speed  decreases. 

Flexible  Ouide  Clamp  Safety. — As  pointed  out,  the  unmodified  instantaneous  stop  of  the 
roll  safety  cannot  be  considered  in  connection  with  high  speeds,  while  on  the  other  hand  the 
wedge  clamp  safety  is  cpmparatively  slow  in  applying  an  effective  stopping  grip,  with  the  res\ilt 

that  its  stop  IS  a  long  one. 

The  flexible  guide  clamp  safety  combines  in  a  measure  the  quick  action  of  one  and  the 

S7 
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slide  feature  of  the  other,  and  accomplishes  a  quicker  stop  than  the  wedge  clamp,  without  being 
too  abrupt  for  safety  regardless  of  the  initial  car  speed. 

The  principle  of  operation  is  in  part  like  that  of  the  standard  roll  type.  However,  instead  of  the  thn»t  of 
the  rail  against  the  roll  being  taken  by  a  solid  shoe,  it  is  eventually  taken  by  a  heavy  ooiled  spring.  The  safety 
shoe  is  made  in  two  sections,  fulcrummed  as  with  the  wedge  tsrpe.  The  spring  is  placed  in  oompreasion  between 
the  arms,  and  as  the  roll  reacts  against  the  side  of  its  retaining  pocket  in  the  shoe  the  further  compression  of  the 
spring,  while  preventing  a  solid  engagement,  provides  sufficient  friction  first  to  retard  and  then  to  stop  the  car. 
The  spring  pressure  is  adjusted  when  the  safety  is  built,  to  afford  sufficient  pressure  to  give  the  quickest  slide 
stop  which  can  be  made  with  safety  from  the  service  speed.  This  type  is  suitable  for  all  speeds  of  over  100  ft. 
per  min. 

Safeties  are  installed  on  counterweights  which  for  unavoidable  reasons  run  above  rooms  or 
passages,  and  also  on  some  high  speed  gearless  traction  elevator  counterweights.  Double 
sets  of  car  safeties,  using  two  sets  of  guide  rails,  are  not  advocated,  on  account,  aside  from  the 
expense,  of  the  difficulty  of  getting  them  to  operate  simultaneously. 

Another,  or  special  type  of  safety,  is  known  as  the  retarder  type.  This  type  is  seldom  used 
excepting  as  a  terminal  emergency  feature  in  connection  with  very  high  rise  traction  elevators. 
In  such  cases,  with  the  great  rope  lengths  there  may  be  sufficient  tractive  effort  exerted,  even 
after  the  counterweight  has  bottomed,  to  lift  the  car,  already  in  motion,  beyond  the  normal 
upper  travel  limit.  In  such  cases  special  retarders  are  installed,  which  engage  and  slow  down 
the  member — car  or  counterweight — ^which  is  running  by  the  terminal.  As  the  car  or  counter- 
weight after  engaging  the  retarders  actually  rests  on  same,  it  cannot  fall  back  to  take  up  the 
slack  cable  until  released  under  competent  supervision. 

The  retarders  consist  each  of  two  plates,  with  pins  passing  through  them  and  so  placed  that  very  soft  wires 
of  great  tensile  strength  and  about  He-in*  diameter  which  are  passed  between  the  plates  must  bend  alternately 
in  opposite  directions  to  pass  the  pins.  The  resultant  friction  becomes  the  retarding  feature.  The  wires,  which 
vary  in  number  with  the  conditions,  are  stretched  taut  between  substantial  anchorages,  and  means  for  resetting 
the  retarder  plates  provided.  lAtches  or  dogs,  mounted  below  the  car  platform,  are  arranged  to  engage  the  re- 
tarder plates  when  the  device  comes  into  service.  If  used  for  other  than  terminal  devices,  the  wires  are  stretched 
from  top  to  bottom  of  the  hoistway,  the  retarder  plates  are  located  at  frequent  intervals,  and  the  engaging  dogs 
are  actuated  by  a  speed  governor. 

Air  cuahions  are  developed  by  enclosing  the  lower  section  of  the  hoistway  so  that  the  air 
cannot  escape  as  fast  as  a  falling  car  compresses  it,  with  a  resultant  cushioning  effect.  Usually 
the  hoistway  walls  to  the  height  of  the  cushion  are  of  masonry,  the  height  varying  from  a  quarter 
to  a  third  of  the  car  travel,  and  one  wall  is  battered,  providing  greater  escapement  space  at  the 
top  than  at  the  bottom,  where  the  car  fits  closely.  The  doors  and  door  frames  must  be  un- 
usually substantial,  as  well  as  all  of  the  surrounding  walls,  and  the  car  bottom  also  must  be  made 
capable  of  withstanding  the  developed  air  pressure. 

Speed  gooemor8  for  actuating  the  safeties  are  usually  of  the  centrifugal  type,  some  working 
against  gravity  and  others  against  springs. 

There  should  be  at  least  three  tripping  points  in  one  revolution  of  the  governor  wheel 
so  that  safety  operation  may  occur  as  soon  as  possible  after  excess  car  speed  is  reached. 

For  high  car  speeds  it  is  preferable  to  use  a  governor  which,  instead  of  having  fixed  tripping  points,  will  func- 
tion at  any  period  of  its  revolution  where  excess  speed  occurs.  Inasmuch  as  with  high  speeds  even  a  partial  revolu- 
tion of  the  governor  wheel  may  be  equivalent  to  a  very  considerable  oar  speed  acceleration,  the  importance  of  the 
"300-degree  service  governor"  is  readily  apparent. 

Drum  machines  are  provided  with  terminal  atop  motion  devices  or  switches  mounted  on  the 
extended  drumshaft.  This  extension  is  threaded  and  a  loose  nut  travels  on  the  threads  as  the 
drum  revolves,  being  itself  kept  from  turning  with  the  shaft  by  a  yoke  which  is  weighted  suf- 
ficiently to  overcome  the  friction  of  the  thread.  At  points  corresponding  to  either  terminal 
or  car  travel,  the  traveling  nut  engages  a  fixed  nut  or  stop,  and  the  whole  yoke  revolves,  actuat- 
ing the  stopping  switches.  Under  special  conditions  this  may  be  used  with  traction  drive,  but 
it  L3  not  used  under  ordinary  circumstances,  as  the  loss  of  traction  following  an  over  run  elimi- 
nates its  necessity.  Slow  down  and  terminal  atoppinq  awUchea,  however,  are  used  with  the 
traction  type,  mounted  either  on  the  car  or  in  the  hoistway  and  ope&ed  by  the  car  when  the 
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latter  approaches  or  reaches  either  terminal.  These  are  for  service  in  okae  the  car  switch  should 
be  held  open. 

Drum  machines  are  provided  with  a  dock  cable  device  or  switch  designed  to  stop  the 
m|u»lnnft  if  cables  slacken  from  ai^  cause. 

All  electric  elevators  should  be  provided  with  a  safety  switch  in  the  car,  the  opening  of  which 
should  cut  off  power  and  apply  the  brake.  The  wiring  for  this  should  be  run  in  a  separate 
conduit,  and  a  separate  traveling  cable  used  to  the  car,  in  order  that  the  possibility  of  failure 
to  function  through  short  circuiting  through  other  lines  may  be  minimized. 

With  high  speeds,  governor  switches  for  slowing  down  the  machine,  before  the  tripping 
speed  is  reached,  are  used,  and  a  final  contact  cuts  off  all  power  when  the  governor  trips. 

Also  with  high  speed  equipment  of  the  gearless  traction  type  an  emergency  wheel  or  lever 
is  sometimes  provided  in  the  oar  to  enable  the  operator  to  throw  in  the  safety  grips. 

With  rope  control,  a  device  should  be  provided  on  the  car  for  locking  the  hand  rope  while 
the  car  is  being  loaded.  Stops  are  provided  on  the  rope  at  the  various  floor  leveb  for  engaging 
the  lock.     This  device  should  not  be  used,  as  it  sometimes  is,  for  stopping  the  elevator. 

Terminal  buffers  are  installed  below  both  the  car  and  counterweight.  These  should  be 
of  the  spring  type  for  freight  and  medium  speed  passenger  elevators,  and  are  placed  in  the  pit. 
For  high  speed  elevators  they  are  of  the  collapsing  oil  type,  the  car  buffer  being  placed  in  the 
pit  and  the  counterweight  buffer  being  suspended  from  the  counterweight  itself,  utilizing  its 
weight  for  counterbalance  and  permitting  a  gravity  return  to  the  open  position.  The  car 
buffer  has  a  spring  return. 

The  brakes  on  the  machine  should  be  of  the  electric  type  and  the  release  should  be  accom- 
plished by  power.  Power  cut  off  or  failure  results  in  the  application  of  the  brake  shoe  by 
powerful  coiled  springs  which  have  been  compressed  by  the  lifting  of  the  brake. 

Compensating  ropes  or  chains  are  used  with  high  rise  elevators  to  equalize  the  weight  of 
the  great  length  of  cable  in  the  hoistway  and  keep  the  machine  load  constant. 

16.  Elevator  Accessories. — Adequate  enclosures  or  protection  of  the  shaft  must  be  pro- 
vided, and  in  most  localities  these  must  be  fireproof. 

Doors  or  gates  give  access  to  the  elevator  itself.  With  fireproof  shafts  the  doors  may  be 
either  swing  or  vertical  or  horizontal  sliding.  These  usually  must  be  arranged  to  be  opened 
only  from  the  shaft  side  excepting  by  key.  Frequently  electiic  contacts  or  ''interlocks''  are 
provided  in  connection  with  the  doors  or  gates  in  order  that  the  car  may  not  be  run  with  any 
shaft  opening  unprotected.  These  are  a  legal  requirement  in  many  localities.  If  there  are 
no  doors,  or  if  they  are  to  be  kept  open  during  the  day  (held  by  fusible  link  retainers),  hoist- 
way gates  must  be  provided.  While  local  regulations  vary,  the  average  practice  is  to  provide 
gates  5  ft.  6  in.  high,  with  6  in.  under  the  bottom  rail  and  about  2  in.  between  vertical  mem- 
bers. Gates  may  be  of  the  semi-automatic  type,  being  raised  by  hand  and  closed  automatic- 
ally by  gravity  as  the  car  leaves  the  landing.  The  gates  are  usually  counterbalanced.  Full 
automatic  gates  operated  entirely  by  the  ear  action  are  not  deemed  good  practice  excepting 
for  terminal  floors. 

There  is  a  type  of  vertical  sliding  door  which  serves  both  as  fire  pxotection  and  in  lieu 
of  a  gate.  Solid  horizontal  hatch  covers  are  sometimes  used  with  elevators  up  to  approximately 
40-ft.  speed.  These  are  opened  and  closed  automatically  by  car  action.  They  are  not  suit- 
able with  steel  guides  as  a  section  of  the  car  guide  must  be  carried  on  the  underside  of  the  door 
which  opens  till  it  stands  vertically  in  a  recess  in  the  guide  post,  forming  practically  a  section 
of  the  post. 

Oratinga  of  BubstantiAl  oonatruotion  should  be  provided  below  all  overhead  work,  to  be  used  as  workias  floors. 
A  oommon  practice  is  to  carry  an  overhead  machine  on  a  concrete  slab  which  is  slotted  for  the  cables.  This  usually 
etimiaates  the  necessity  for  a  grating.    Fire  laws  do  not  always  permit  the  slab  construction. 

Countgrweight  tcreena  should  be  provided  to  a  height  of  6  ft.  above  the  pit  bottom,  in  order  that  no  one  working 
in  the  pit  may  walk  under  the  descending  weight. 

Car  endoaurea  may  be  provided  to  suit  the  purchaser.  They  are  generally  of  metal  for  passenger  service 
ezoepting  in  residences,  and  the  purchaser  usually  specifies  what  he  desires  to  have  allowed  for  this  feature.  Freight 
car  eaclosureB  may  be  of  wood,  wire  mesh,  or  sheet  steel,  and  should  be  6  ft.  high  if  they  do  not  extend 
to  crosshead.  If  trucks  are  tised,  the  steel  wainscot  is  best.  Wire  tops  should  always  be  provided  to  protect 
oar  occupants  from  falling  articles. 
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A  ear  light  ahould  always  be  provided. 

8par9  Porta. — It  is  well  to  carry  a  supply  of  those  parts  most  subject  to  replacement,  such  as  oontaets,  sprincs, 
resistanoe  tubes,  fuses,  packing,  cylinder  and  valve  cups,  etc.,  unleas  the  elevator  maker  m^jjntAiM  a  local  storeroom. 

LubriearUa. — There  is  a  best  lubricant  for  each  of  the  several  major  parts  of  the  installati<m,  such  as  motor 
bearings,  main  and  sheave  bearings,  worm  gears  and  guides,  and  a  supply  of  these  should  be  "tfti^tsi*^^.  Ropes 
wear  longer  if  proper  lubricant  is  systematically  applied. 

Cabin. — Cables  should  be  as  small  in  diameter  as  an  ample  safety  factor  (not  Ubb  than  6  for  freight  and  8 
for  passenger  work)  will  permit,  on  account  of  the  greater  flexibility.  However,  the  diameter  should  be  not  less 
than  H  in*  Rope  manufacturers  make  a  special  traction  cable  designed  to  give  greater  wear  under  conditions 
of  traction  service.  In  cable  replacements  care  should  be  taken  to  use  cable  of  at  least  as  great  tensile  strength 
as  the  maker  installed  originally.     If  steel  cables  were  installed,  a  plate  on  the  car  crosshead  usually  so  indicates. 

17.  Inspection. — It  is  important  that  all  working  parts  be  frequently  and  thoroughly 
inspectedi  and  especially  t)ie  cables,  governor,  and  car  safeties,  slack  cable  and  car  safety 
switches,  limits,  etc.,  and  actually  tested  out  as  far  as  is  practical.  The  larger  companies  main- 
tain a  regular  inspection  service. 

18.  Systems  of  Cabling. — There  are  two  systems  of  cabling  electric  elevators,  these  being 
the  direct  hitch  and  the  2  to  1.  The  first  needs  no  description.  With  the  2  to  1  a  sheave  b 
mounted  in  the  car  crosshead  and  on  the  top  of  the  counterweight  and  the  respective  cables  are 
carried  below  these  and  back  to  a  dead  end  hitch  on  the  overhead  beams.  This  method  of 
cabling  doubles  ths  lifting  capacity  of  a  given  motor  and  halves  the  car  speed.  It  is  more 
efficient  than  a  gear  reduction.     No  additional  counterweighing  is  required. 

19.  Signal  Systems. — Signal  systems  adequate  for  the  service,  are  essential  for  the  ad- 
vantageous utilization  of  any  elevator  equipment. 

An  annunciator,  with  a  single  set  of  ''drops"  or  indications,  one  ''drop"  for  each  floor, 
and  a  call  button  alongside  each  landing  door,  is  satisfactory  for  the  single  low  and  medium  rise 
freight  or  passenger  elevator.     The  operator  resets  the  annunciator  by  lifting  a  reset  rod. 

With  high  rise  equipment  it  is  advantageous  to  use  a  double  row  of  indications,  one  regis- 
t^i*ing  calls  for  the  up  trip  and  the  other  for  the  down.  With  this  the  operator  while  on  the 
up  trip  does  not  lose  time  by  stopping  for  down  signals.  A  double  button  is  used  on  the 
landing. 

With  two  or  more  cars  in  a  bank,  the  latter  type  is  used,  but  the  several  annunciators  are 
so  synchronized,  through  a  master  control  located  overhead  and  connected  to  all  the  elevators, 
that  a  given  call  is  registered  in  all  cars  travelling  in  the  required  direction,  and  is  automatically 
cancelled  in  all  cars  when  any  car  answers  it.  If  the  first  car  to  pass  the  call  floor  cannot  stop 
for  any  reason,  the  call  remains  registered  in  the  other  cars.  For  hotels  and  high-class  office 
buildings,  miniature  lights  are  used  instead  of  the  "drops"  for  the  indications.  This  is  known 
as  the  hotel  flash  system. 

With  banks  of  four  or  more  elevators  when>  fuU  trips  only  are  run,  and  on  schedule,  the  ear  or  operator's 
signal  may  advantageoxisly  conaist  of  a  single  full  sised  colored  light  which  operates  exactly  as  does  the  annunci- 
ator, excepting  that  instead  of  distinguishing  between  floors  it  registers  by  flashing  about  IH  stories  ahead  of  the 
call  floor  and  at  the  same  time  a  light  flahes  over  the  landing  door  of  the  first  elevator  to  approach  the  call  floor 
in  the  desired  direction.     This  is  called  the  ficuh  light  ayatem. 

Both  systems  are  frequently  installed,  the  flash  light  alone  being  used  during  the  busy  hours,  and  the  other 
for  light  service,  when  cars  are  running  more  or  less  on  call  rather  than  on  signal.  One  set  of  landing  buttons 
serves  for  both  systems.  The  flash  light  should  not  be  installed  alone,  as  it  does  not  permit  the  car  to  be  run  on 
call.  Indicator  dials  are  installed  on  the  main  floor,  for  guiding  the  starter,  or  the  waiting  passengers  if  no  starter. 
If  indicators  are  desired  on  the  several  floors  as  well,  the  clock  dial  type  is  very  effective  as  it  affords  visible  evi- 
dence of  car  movement.     More  than  four  dials  cannot  be  quickly  read  and  should  not  be  used. 
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SECTION  11 
MECHANICAL  REFRIGERATION 

By  Stewart  T.  Smith 

!•  British  Thermal  Unit — The  unit  for  measuring  heat  is  known  as  the  British  thermal  unit, 
or  briefly,  the  B.t.u.  It  is  that  amount  of  heat  which  is  required  to  raise  the  temperature  of 
one  pound  of  water  one  degree  Fahrenheit. 

S*  Specific  Heat — The  specific  heat  of  a  substance  is  the  ratio  of  the  number  of  B.t.u. 
required  to  raise  the  temperature  of  1  lb.  of  the  substance  1  deg.  F.,  to  that  required  to  raise  the 
temperature  of  1  lb.  of  water  1  deg.  F. 

8.  Latent  Heat — The  latent  heat  of  a  substance  is  the  number  of  B.t.u.  required  to  change 
the  state  of  1  lb.  of  the  substance  without  changing  the  temperature.  Thus  the  latent  heai  of 
freezing  of  a  substance  is  the  number  of  B.t.u.  required  to  change  1  lb.  of  the  substance  from  a 
liquid  state  to  a  frozen  state  at  the  same  temperature.  Also  the  latent  heat  of  vaporization  of 
a  substance  is  the  number  of  B.t.u.  required  to  change  1  lb.  of  the  substance  from  a  liquid  state 
to  a  vaporous  state  at  the  same  temperature. 

4*  Measurement  of  Refrigerating  Effect — The  commercial  unit  of  refrigeration  is  the 
tan  of  r^rigeratUm  and  is  the  number  of  B.t.u.  required  to  melt  (not  manufacture)  one  ton  (2000 
lb.)  of  pure  solid  ice.  Since  the  latent  heat  of  ice  is  144,  the  ton  of  refrigeration  is  equal  to  2000 
X  144  =  288,000  B.t.u.  As  all  refrigerating  calculations  are  made  on  a  24-hr.  basis,  the  ton  of 
refrigeration  per  day  is  equal  to  12,000  B.t.u.  per  hr.,  or  200  B.t.u.  per  min.,  and  as  1  B.t.u.  is 
equal  to  778  foot  pounds  and  0.293  watt  hours,  the  ton  of  refrigeration  is  also  equal  to  the  heat 

ft  u                 '       (12.000)  (778)        .  _  ,                    ,                ,  (12,000)  (0.293) 
given  oft  by  consummg  V33  qqq)  (aq)    *  ^-^l  horsepower-hours  and^ TooQ ^  ^'^^ 

kilowatt-hours.     These  last  two  equivalents  are  useful  in  providing  for  heat  given  off  by 
machinery,  lights,  etc. 

5.  Rating  of  Refrigerating  Machines. — ^A  refrigerating  machine  is  rated  by  the  number  of 
tons  of  refrigeration  it  is  capable  of  extracting  in  24  hr.  at  a  given  pressure  range  and  a 
given  temperature  of  the  condensing  water.  The  usual  rating  is  for  15.65  lb.  suction 
pressure,  185  lb.  discharge  pressure,  and  60  deg.  F.  condensing  water. 

A  refrigerating  machine  sometimes  is  listed  in  terms  of  its  ice  making  capacity,  but  as  the 
refrigerating  capacity  varies  from  1.7  to  2  times  the  ice  making  capacity,  depending  upon  the 
temperature  of  the  water  to  be  frozen  and  other  variables,  this  term  should  be  used  with 
caution. 

6.  Refrigerating  Mediums. — There  are  two  main  refrigerating  mediums  commercially 
used:  ammonia  (NH«)  and  carbon  dioxide  (COs).  These  substances  are  chosen  because  the 
latent  heat  of  vaporization  of  each  of  them  is  high  and  because  the  liquefaction  point  of  each  is 
low. 

Of  the  two  substances,  ammonia  is  the  most  widely  used.  Its  liquefaction  point  is  very 
low  which  permits  the  use  of  discharge  pressure  of  from  150  to  210  lb.  and  its  latent  heat  of 
vaporization  is  the  higher  of  the  two  substances.  Ammonia  is  also  soluble  in  water,  which 
makes  possible  the  absorption  system  of  refrigeration.  The  principal  objection  to  ammonia  is 
the  offensive  odor  which  it  has  and  which  is  annoying  when  leaks  occur. 

C^bon  dioxide  mAohineB  are  used  quite  frequently  where  small  compact  machines  are  reqxiired,  but  as  the 
boiling  point  of  carbon  dioxide  is  relatively  high,  it  is  necessary  to  have  the  machines  designed  for  exceptionally 
high  pressures.     Carbon  dioxide  has  the  advantage  of  having  no  objectional  odor. 

Sapbiir  dioxide  is  sometimes  used  beause  the  machines  operate  at  a  low  condensing  pressure,  but  the  latent 
heat  ot  vaporisation  for  sulphur  dioxide  is  about  one-third  that  of  ammonia. 

1381 
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T>  Systems  <rf  Refrigeration. — There  are  two  commercial  systeuia  of  refrigeration  in  use: 
the  eompretsion  ayatem  and  the  abmrpHon  system.  The  compreaeion  system  ia  the  more  widely 
used.     Both  systems  require  water  to  extract  the  heat  from  the  rafrigerating  medium. 

7a.  Compression  System. — Hie  cotnpretrion  ryttem  is  composed  of  the  following 
ports:  the  compressor,  the  condenser,  the  liquid  receiver,  and  the  expansion  coils. 
'  The  compressor  is  a  machine  similar  to  an  air  eompreesof  and  is  driven  in  the  same  manner, 
like  average  machine  is  designed  to  run  at  a  speed  of  about  75  revolutions  per  minute.  There 
are,  however,  machines  known  as  high  speed  machines  which  operate  at  about  226  r.p.m.  The 
purpose  (A  the  compressor  is  to  compress  the  gas. 

The  condenser  is  a  coil  of  pipea  (usually  of  2-ii).  pipe)  12  pipes  h^h  and  20  ft.  long.  In  the 
atmospheric  type  of  condenser  (Fig.  1),  water  trickles  over  the  pipes,  and  in  the  double  pipe  con- 
denser (Fig.  2),  the  gas  is  passed  through  the  outer  annular  space  while  the  cooling  wst«r  is 
passed  through  the  central  pipe.  An  atmospheric  condenser  12  pipes  high  and  20  ft.  long  under 
average  conditions  is  good  for  10  tons  of  refrigeration.  It  is  not  economical  to  make  condensers 
more  than  12  pipes  high.  The  purpose  of  the  condenser  is  to  remove  the  heat  from  the  gas 
and  to  change  the  state  of  the  Bubstaooe  from  a  gaseous  to  a  liquid  state. 


Fjo.  I. — Cycle  of  opantion  ot  •mrnoni*  oompiMuon  ■yatem  of  refrigeration. 

The  tiquid  retxiver  (Fi^.  I  and  2)  is  a  horiiontal  cylindrical  drum  which  is  used  as  a  reser- 
voir for  the  storage  of  the  liquid  refrigerating  medium. 

The  expansion  coih  (Figa.  1  and  2}  are  the  pipe  coils  in  the  rooms  or  other  places  where  the 
cooling  effect  is  desired  and  through  which  the  refrigerating  medium  is  circulated.  These  are 
usually  of  IH  or  2-in.  pipe. 

Tba  cycia  ot  opentioo  of  %n  unmooik  oomprotiaii  nntem  is  showD  in  VUt-  !■  wid  is  u  tollom:  Tha  unmooiB 
gu  enten  the  oomprnaor  st  >  low  prcHure,  uy  IB  lb.,  ud  ia  there  compreesed  to  ear  ISS  lb.  Id  comprFaing 
the  gu,  heat  ia  added  to  it.  The  gu  theo  paeoea  through  ao  oil  eeparaCoi  which  remoTn  tha  oil  that  ii  abaorbrd 
in  paaeing  through  the  compreaaor.    It  then  paaaca  through  tbs  condenaer.    In  tbe  condeBaar,  the  eool  watsi  paaaing 

then  SawB  Into  tbe  liquid  reoaiver.    Thia  much  of  the  ayalam  ia  what  ia  known  aa  tba  high  preaauis  aide  ul  the 

The  liquid  ia  then  paaaed  through  an  aipanaion  valve  to  tb 
the  preaeure  ia  reduced  tram  1S5  lb.  to  IS  lb.    In  reducing  tb 
leduoad  from  9K  to  0  deg.  F.    The  cold  liquid  in  the  aipanaion  ooila,  being  at  a  tow  prwure,  btula  away  to  a  gas. 
abaoibiog  tbe  heat  from  tlie  aurrounding  medium.     This  gag  is  then  teturned  to  the  compreaaor  tbiu  Munpletiog 
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If  tlw  ■jitam,  tha  dkeliucB  prcMura  la  (ovanud  br  tbe  sondan^ns  wstar  ud  tlia  (uotiaii  pnaniia 
ti  Boreniail  b^  tha  tampcnttun  deBnd  in  tha  room*,  li  ■  IS  dac.  diSetenoa  of  tampantun  i*  doirad  b«(w«*n 
Uie  eooUns  medium  uul  tha  ^  in  a  roam  and  it  i>  dcalred  to  keep  tliii  room  at  15  dec,  F.,  the  tampaatuie  oi  tha 
ammonia  ahould  be  0  deg.  F.  By  nfarrinc  to  tablea  titiag  tha  propertia  of  smmonia.  it  will  ba  noted  tbat  0  dec. 
F.  eorreaiwnda  to  a  preaaun  cd  1£.0C  fb.  Thul  tfaa  auction  preaaora  ahould  ba  Ifi.Afi  lb.  After  tha  axisaiiriOQ 
valve  hu  baan  rstuUted  to  clta  the  proper  supply  of  ammonia  to  the  coila,  the  eoatrol  of  the  oolir*  lyatam  la 
depaodant  on  oparatinc  the  eompreaaor  to  maintain  this  auetion  pteeaure.  Fi*.  1  ahowa  tha  Tarloua  plaeai  of 
apparatna  and  the  oyole  of  operation  of  tha  oomptaaaion  ayatcm. 

Some  of  the  Eulvaatageg  of  the  compreeaion  systom  of  refrigeration  are:  (1}  the  uae  of  steam 
is  not  neoeesarily  required  aa  a  compreasar  can  be  operated  by  gas  engine,  oil  engine,  steam 
engine,  or  by  electrio  motors;  and  (2)  it  is  economical  in  operation,  and  very  high  efficiendes 
can  be  obtained  where  economical  power  is  available. 

lite  chief  disadvantage  the  system  has  is  the  difficulty  of  obtaining  eoonomically,  tem- 
peraturee  below  about  0  dcg.  F, 

7b.  Absorption  System. — The  (Aaorption  system  of  refrigeration  is  composed  of 
the  following  parts:  the  generator,  the  rectifier,  the  exchanger,  the  condenser,  the  liquid  re- 


Fia.  3. — Cycle  of  oparation  of  unmonia  abaorptiou  ayatam  of  ntrioaration. 

cMver,  the  expansion  coila,,  and  the  abeorber.     The  absorption  system  uses  only  ammonia  as  a 

refrigerant  because  of  its  solubility  in  water. 

The  condenser,  liquid  receiver,  and  expansion  coils  of  the  two  systems  are  identical, 
perform  the  aame  functions,  and  liave  the  same  relation  to  one  another.  With  the  compreasion 
system,  the  compressor  is  the  heart  of  the  syatem;  in  the  same  way,  the  abeorber  is  the  heart 
of  the  absorption  system. 

Tho  obtorbtT  ig  a  horiion  tal  oylindiioal  drum  built  like  a  horiiantal  tubular  bidler.  Cootini  water  pasHS  through 
tha  tubes  ami  cooIb  the  liquid  aurroundiog  tbem,  the  liquid  being  a  weak  mivturo  of  water  and  ammonia,  termed 
inak  Utvor.  The  eat  from  the  eipauaiou  ikiUs  ie  bruusbt  into  the  abeorber  at  tbe  bottom  through  a  perforated 
pipe  and  is  allowed  to  bubble  up  through  tha  weak  liquor.  Tha  ammonia  gaa  in  bubbliug  UP  through  the  weak 
liquor  ia  abaorbed  by  it.  Tha  liquid  ii  tbui  enriched  by  tha  addition  of  ammonia  and  is  now  termed  ilronf  Uqiior. 
This  strong  liquor  is  pumped  out  of  tbe  abwirber  by  means  oF  an  Bmtnmia  pump,  the  only  moving  part  of  tha 
syitam.  Tbis  pump  is  a  staam-drivui  piston  pump  much  like  a  boUar-leed  pump.  Tbe  strong  liquor  paeaea 
front  the  pump  through  a  art  of  double  pipe  ooila  called  an  tjcAangtr.  Hare  the  oold  strong  liquor  in  one  plpa  on 
Ita  way  to  the  grnantw,  absorba  some  of  the  beat  from  the  hot  weak  liquorin  the  otber  pipe  leaving  the  generator, 
and  becomes  warm.  The  warm  strung  liquor  then  passa  to  tbe  generator.  The  gimmljrr  Is  another  horiionta) 
cylindrieal  drum  having  a  set  of  stream  orrila  suspended  in  it.     Bxhaust  ateam  from  the  ammonia  pump  or  from 
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other  sources  is  passed  through  this  set  of  ooils  and  the  heat  of  the  steam  is  utilised  in  hnftting  the  strong  liquor 
surrounding  the  coils.  A  large  part  of  the  ammonia  in  the  liquor  and  part  of  the  water  is  thus  turned  into  vapor, 
forming  a  hot  wet  gas,  and  leaving  behind  a  hot  weak  liquor.  The  hot  weak  liquor  is  first  passed  through  the  ex- 
changer as  before  mentioned  and  is  then  passed  through  a  veak  liquor  oooUr  which  is  another  set  of  double  pipes 
througli  which  water  oiroulates  as  the  cooling  medium.  The  weak  liquor  is  then  passed  to  the  absorber  completing 
that  cycle  of  operation. 

The  hot  wet  gas  is  taken  from  the  generator  through  a  set  ol  pipe  coils  arranged  with  drip  oonneetions  on 
several  of  the  pipes.  This  apparatus  is  called  the  redifier.  Its  purpose  is  to  remove  the  water  vapor  contained 
in  the  gas.  Over  the  pipes  is  passed  cooling  water  which  cools  the  gas  sufficiently  to  condense  the  water  vapcM*. 
This  condensed  water  is  carried  away  at  the  drip  connections  and  brought  back  to  the  generator.  The  dry  hot 
ammonia  gas  then  passes  to  the  ammonia  condensers  and  from  there  to  the  liquid  receiver  and  expansion  coils 
to  the  abeorbert  therd^y  completing  the  cycle  of  operation.  The  control  of  the  entire  system  is  based  <m  regulating 
the  speed  of  the  ammonia  pump. 

Fig.  2  shows  the  various  pieces  of  apparatus  and  the  two  cycles  of  operation  in  the  ab- 
sorption system. 

The  advantages  of  the  system  are:  (1)  simplicity  of  control — ^requiring  very  little  attention; 
(2)  advantageous  utilization  of  exhaust  steam  which  is  often  an  important  factor;  and  (3)  the 
ease  with  which  low  temperatures  can  be  obtained. 

The  disadvantages  are  that  the  system  must  have  steam,  and  that  the  system  is  of  low 
efficiency. 

8.  Refrigeratixig  Load. — The  refrigeraiing  load  which  must  be  carefully  calculated  in 
designing  the  refrigerating  plant,  is  composed  of  several  factors  the  principal  ones  being:  trans- 
mission of  heat  through  walls,  cooling  the  goods,  freezing  the  goods,  condensing  vaix>r,  and 
offsetting  heat  generated  within  the  room. 

Heat  transmiasian  of  walls  is  calculated  in  the  same  manner  as  for  heating  work.  In  the 
majority  of  instances  where  refrigeration  is  required,  insulation  is  applied  to  the  walls,  and 
it  is  common  practice  to  consider  only  the  insulation  as  retarding  the  flow  of  heat  through  the 
wall. 

Illustrative  Problem. — Required  the  amount  of  refrigeration  to  o£Fset  the  transmission  of  heat  into  a  24tory 
building  40  X  80  X  24  ft.,  inside  measurements,  with  4  in.  of  corkboard  applied  to  the  walls,  roof,  and  floor. 
The  temperature  of  the  air  in  the  building  is  to  be  held  at  30  deg.  F.  when  the  outside  temperature  is  90  deg.  F. 
The  temperature  of  the  soil  under  the  floor  is  considered  55  deg.  F.  The  transmission  of  corkbofxd  is  approxi- 
mately 6.4  B.t.u.  per  24  hr.  per  inch  of  thickness. 

The  heat  flow  through  the  floor  »  (40)(80)  ^-^)  (55  -  30)  -  128.000  B.t.u.  per  day. 

•6  4\  * 

The  heat  flow  through  the  roof    -  (40)  (80)  (-^)(00  -  30)  -  307,200  B.t.u.  per  day. 

The  heat  flow  through  the  walls  -  (240)(24)  (-^1  (90  -  30)  -  552.960  B.t.u.  per  day. 

Total  -  988,160  B.t.u.  per  day. 
988.160 
Amount  of  refrigeration  required  ■-  oganoo  "  ^'^^  ^^^ 

In  providing  refrigeration  to  cool  goodsj  the  specific  heat  and  the  weight  of  the  goods  must 

be  considered. 

IlIustratiTe  Problem. — Required'  the  amount  of  refrigeration  to  cool  800  crates  of  eggs  in  one  day  from  75 
to  33  deg.  F. 

One  crate  of  eggs  weighs  70  lb.  and  the  specific  heat  of  eggs  is  0.76.     The  amount  of  refrigeration  «■  (800)(70) 

(0.76)  (75  -  33)  -  1.787,620  B.t.u.  - 

1*787.520 

288.000        ^-^  ^°'^' 

Where  it  is  necessary  to  freeze  the  goods,  the  latent  heat  of  freezing  as  well  aa  the  specific 
heat  above  and  below  freezing  must  be  considered. 

lUttstratiTe  Problmn.^Required  the  amount  of  refrigeration  to  cool  in  one  day's  time,  100  hogs  weighing 
250  lb.  each,  from  80  to  15  deg.  F. 

From  tables,  the  specific  heat  above  freesing  »  0.51,  the  specific  heat  below  freeaing  -•  0.30.  and  the  latsot 
heat  of  freesing  ■■  55. 

B.t.u.  required  to  cool  goods  to  freesing  point  -  (100)  (250) (0.51) (80  -  32)         -•      612,000 
B.t.u.  required  to  freese  goods  -  (100) (250)  (65)  -  1,375,000 

B.t.tt.  required  to  cool  goods  from  32  to  15  deg.  F.  -  (100) (250) (0.3)  (32  -  15)  -      127,000 


Amount  of  refrigeration  required  ■■     *       *         >-  7.34  tons. 

«oo,000 


Total  -  2.114,500 
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To  calculate  the  axnoxint  of  refrigeration  required  to  condense  moisture  out  of  air,  the  de- 
signer should  have  available  a  psychrometric  chart.  A  very  convenient  chart  for  this  work  is 
made  by  the  Carrier  Engineering  Corporation  of  New  York  City.  When  1  lb.  of  moisture 
is  condensed  to  water,  approximately  1100  B.t.u.  are  given  up  by  the  vapor.  Thus,  if  a  quantity 
of  air  is  ^to  be  cooled  below  its  saturation  point,  the  heat  given  off  by  the  vapor  condensed 
must  be  absorbed  by  the  refrigerating  coils. 

ninstratlTe  Problem. — Required  the  amount  of  refrigeration  to  cool  in  1  hr.  100.000  cu.  ft.  of  air  froiA  85 
dec.  F.  and  70%  humidity  to  16  deg.  F. 

The  amount  of  moisture  in  air  at  86  deg.  F.  and  70%  saturation  as  shown. by  charts  or  tables,  is  1.273  lb. 
per  1000  cu.  ft.  Air  at  16  deg.  F.  and  100%  saturation  is  found  to  contain  0.14  lb.  per  1000  cu.  ft.  There  must 
therefore  be  condensed  (1.133)(100)  -  113.3  lb.  of  water  which  will  require  (113.3)(1100)  -  124.630  B.t.u.  The 
specific  heat  of  air  is  0.237.  The  weight  of  air  at  the  average  temperature  of  50  deg.  F.  is  0.078  lb.  per  cu.  ft. 
Thus,  the  heat  given  up  by  cooling  the  air  >  (100.000)(0.237)(0.078)(85  -  15)  >  129,402  B.t.u.  The  amount 
of  refrigeration  needed  is  thus 

124.630  +  129.402       _,  ,_  ^ 
12:000 21.17  tons 

For  very  accurate  work  such  as  is  required  in  the  laboratory,  calculations  should  be  based 
on  the  weight  of  the  air  instead  of  the  volume,  and  as  the  curve  showing  the  ratio  between  tem- 
perature and  weight  of  air  is  not  a  straight  line,  it  is  not  absolutely  accurate  to  take  the  weight 
of  the  air  at  the  average  temperature,  but  the  method  as  outlined  here  is  one  that  is  used  by 
many  designers.  In  fact,  the  value  of  0.018  is  commonly  taken  as  the  heat  extracted  in  lowering 
the  temperature  of  1  cu.  ft.  of  air  regardless  of  the  temperature. 

Heat  generated  intkin  a  room  is  easily  accounted  for  by  the  use  of  the  power  equivalent 
for  one  ton  of  refrigeration. 

One  hxmdred  50-watt  lamps  in  a  room  will  require  — r™v —  =  5  kw.  per  hr.  or  -^-gr  = 

1.42  tons. 

One  16-candlepower  incandescent  lamp  gives  off 160  B.t.u.  per  hr. 

One  gas  light  gives  off  approximately 3600  B.t.u.  per  hr. 

One  workman  gives  off  approximately 500  B.t.u.  per  hr. 

In  commercial  practice,  many  engineers  add  to  the  above  mentioned  loads  for  refrigeration,  which  are  easily 
figured,  a  percentage  to  cover  opening  of  doors,  cracks,  and  often  for  lights  and  laborers  in  rooms.  The  percentage 
which  should  be  added  varies  with  the  kind  of  work  and  with  the  engineer  making  the  calculations.     It  is,  how- 


ever, safe  to  say  that  in  most  instances  it  varies  from  10  to  25  7 


ct 


0< 


9.  Methods  of  Application  of  Mechanical  Refrigeration. — Refrigeration  is  applied  in 
two  ways:  (1)  the  direct  expansion  system,  and  (2)  the  brine  circulating  system. 

In  the  direct  expansion  system  the  expansion  coils  are  placed  in  the  rooms  as  in  Figs.  1  and 
2.  The  liquid  ammonia  is  expanded  in  them  and  allowed  to  boil  away,  absorbing  heat  from 
the  air  surrounding  the  pipes.  This  system  is  used  where  very  low  temperatiires  are  desired,  and 
where  a  flexible  system  is  not  necessary.  Ice  storage  houses,  sharp  freezers,  and  meat  boxes 
are  usually  provided  with  the  direct  expansion  system.  The  greatest  objection  to  the  system 
is  that  the  cooling  effect  of  the  ammonia  stops  as  soon  as  the  compressor  stops. 

In  the  brine  circulating  system  the  ammonia  is  allowed  to  expand  into  a  cylindrical  drum 
called  a  brine  cooler.  Coils,  through  which  brine  is  pumped,  are  placed  in  the  drum.  The 
ammonia  in  boiling  away,  absorbs  the  heat  from  the  brine.  The  brine  is  then  pumped  through 
pipes  arranged  in  the  room  the  same  as  for  the  direct  expansion  system.  The  great  advantage 
tlus  system  has  is  in  its  flexibility.  Due  to  the  body  of  brine  which  is  cold,  if  for  any  reason 
it  is  necessary  to  stop  the  compressor,  refrigeration  can  be  obtained  for  several  hours  by  cir- 
culating the  brine.  There  must  be  a  certain  range  of  temperature  between  the  ammonia 
and  the  brine,  and  another  range  between  the  brine  and  the  air  in  the  room  in  order  to  transfer 
heat.  Thus,  it  is  not  possible  to  obtain  as  low  a  temperature  in  the  room  with  this  system  as 
can  be  obtained  with  the  direct  expansion  system.  This  system  is  used  particularly  in  cold 
storage  {dants,  and  places  where  very  perishable  goods  are  kept,  in  creamery  machinery,  and 
for  ioe  cream  making  machinery. 
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10.  RDportionliiK  of  Coding  SurfKe. — The  correct  proportioning  of  the  cooling  surface 
and  the  arrange:nent  of  the  cooling  coils  in  the  room,  is  u  import«Qt  aa  calculating  the  refrigerate 
ing  load.  Even  though  the  compressor  is  large  enough  to  provide  for  the  load,  if  the  cooling 
coils  are  not  ample  or  properly  located,  the  results  will  not  bo  satisfactory.  In  general,  pipe  in 
still  air  with  a  IZniEg.  range  in  temperature,  will  transfer  2  B.t.u.  per  hr.  per  sq.  ft.,  per  1  d«g, 
F.  difference  between  the  temperature  ot  the  air  and  the  temperature  of  the  cooling  medium. 
Where  pipe  is  submerged  in  a  Uquid,  as  is  the  case  where  coils  are  located  in  the  brine  of  an  ice 
making  tank,  the  heat  tranafer  value 
is  about  25  B.t.u. 

After  the  heat  transfer  value  of 
the  pipe  is  determined,  the  range  of 
toDipecature  that  will  be  used  between 
the  medium  cooled  and  the  cooling 
medium  is  decided.  The  greater  this 
range  is,  the  lower  the  suction  pres- 
sure must  be,  and  consequently,  the 
greater  amount  of  power  will  be  re- 
quired; on  the  other  hand,  the  gr«at«r 
the  range,  the  smaller  the  amount  of 
pipe  required.    The  amount  of  pipe 

Flo.  3. — AmnfetOBnt  of  refrigerstini  ooib  for  rooma  not  over       tO  use  and  the  range  of   temperature 

to  use,  therefore,  is  determmed  by 
good  judgment  of  economical  considerations.  For  temperatures  in  a  room  of  over  20  deg.  F., 
a  temperature  range  of  15  deg.  is  used;  for  temperatures  of  between  10  and  20  deg  P.,  a  range 
of  10  deg.  is  used;  and  from  minus  10  deg.  F.  to  plus  10  deg.  P.,  or  even  lower,  a  range  of  5  deg. 

In  laying  out  the  arrangement  of  coils  in  the  rooms,  the  designer  should  heat  in  mind  that 
cold  air  ie  heavier  than  warm  air.    FV>r  this  reason,  the  coils  should  be  so  located  that  a  natural 


Fio.  4. — AmnsctDBDt  of  lefrigermtini  coils  for  roomi  otu  30  ft.  wids. 

circulation  of  the  Mr  is  obtained.  In  general,  coils  should  never  be  located  on  the  four  aides  of 
a  room,  as  by  such  an  arrangement  the  natural  circulation  of  the  air  is  stopped.  The  same 
amount  of  pipe  placed  in  coils  on  the  two  opposite  sides  of  a  room  will  give  far  better  results, 
ss  by  such  an  arrangement  the  air  will  flow  down  the  walls,  along  the  floor,  up  the  center  of 
the  room,  and  along  the  ceiling  to  the  wall  (see  Fig.  3).  If  the  room  is  more  than  30  ft.  wide, 
there  should  be  coils  located  near  the  center  of  the  room  as  in  Fig.  4.  The  coils  should  be  sup- 
ported near  the  ceiling  and  preferably  over  a  passageway.     The  beet  results  are  obtained  when 
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the  coils  are  placed  in  the  upper  third  of  the  room.  ^  Less  storage  space  is  thus  taken  up  by  the 
pipes,  and  the  flow  of  the  air  is  not  obstructed  under  the  pipe.  Where  goods  are  packed  very 
solidly  over  the  floor  area,  the  circulation  of  air  is  sometimes  helped  by  placing  the  goods  on  2  X 
4-in.  pieces,  thus  making  a  passage  for  the  air  on  the  floor.  However,  in  most  oases,  the  air 
passes  through  the  goods  without  this  provision.  In  meat  cooler  rooms  and  in  some  cold 
storage  work  where  temperatures  below  freezing  are  needful,  it  is  necessary  to  support  under 
the  coils,  a  trough  to  carry  away  the  water  caused  by  the  melting  of  the  frost  which  will  ac- 
cumulate on  the  coils. 

Where  meat  is  oooled  in  the  carcass,  as  is  the  case  in  packing  house  work,  the  bunker  system  of  placing  the 
cooling  coils  is  used  (see  Fig.  5).  With  this  system,  an  overhead  bunker  is  made  with  provisions  for  air  to  circu- 
late over  the  coils  and  through  a  slot  in  the  bunker  floor  to  the  main  room  below.  The  air  droulates  by  gravity 
over  the  coils  and  the  water  caused  by  the  melting  of  the  frost  on  the  pipes,  is  carried  o£F  by  a  drain  in  the  bunker 
floor.  For  some  work,  these  bunkers  are  placed  outside  the  room  to  be  oooled,  and  the  air  is  circulated  by  fans 
over  the  coils  and  to  the  room  through  ducts.  This  system  was  used  to  a  great  extent  in  the  past  in  fur  storage 
houses  and  in  chocolate  factories. 

The  arrangement  of  the  cooling  coils  for  cooling  a  large  amount  of  air  to  be  circulated  through  rooms,  should 
be  such  that  the  cooling  pipes  are  long  and  close  together.    The  air  should  be  blown  along  the  pipea  (not  across) 
With  pipes  placed  on  4-in.  centers  and  60  ft.  long,  the  air  travels  a  long  distonce  in  contact  with  the  cold  pipes, 
thus  bringing  in  a  time  element  which  is  important.     The 
friction  of  the  brine  or  ammonia  in  the  pipes  is  also  much  r 
less  than  where  a  large  number  of  short  pipes  are  used, 
thus  requiring  much  less  power.  \    /'-^ 

In  small  refrigerator  boxes,  as  in  hotels  and  restaurants,  "  ' 

usually  no  provision  can  be  made  to  provide  for  natural 
circulation  as  the  space  is  very  small  and  the  goods  to 
be  cooled  are  placed  vexy  near  the  pipes.  In  meat  boxes, 
it  is  usually  possible  to  place  the  pipe  near  the  ceiling  at 
the  side  so  that  a  circulation  can  be  obtained. 


11.  Ice  Manufacturing  Plants. — There  are 
three  systems  for  making  ice  that  are  commer- 
cially successful:  (1)  the  {date  system,  (2)  the 
distilled  water  can  system,  and  (3)  the  raw 
water  can  sjsptem. 

In  the  Tilote  «|^stem,  a  steel  tank  10  or  12  ft. 
deep  and  of  varying  widths  and  lengths,  depend- {|^ 
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ing   upon    the   capacity,    has   arranged   in   and   Fm.  6.— Arrangement  of  refrigeraUng  coils  in  bunkers. 

across  it,  expansion  coils  on  32-in.  centers  for  the 

full  height.  The  pipes  in  the  coils  are  usually  on  6-in.  centers  and  are  bolted  between  two  H-in, 
steel  plates.  The  tank  is  filled  with  water  and  the  ammonia  boiling  away  in  the  coils  absorbs 
the  heat  in  the  water  causing  ice  to  form  on  the  steel  plates.  While  the  freezing  operation  is 
going  on,  air  is  allowed  to  bubble  up  over  the  freezing  edge  thereby  cleaning  the  surface  of  air 
bubbles  and  foreign  matter.  The  result  is  a  clear  cake  of  ice.  This  operation  is  continued 
until  the  ice  is  12  in.  thick.  It  requires  6  days  to  freeze  the  cake  of  ice.  Hot  ammonia  gas  is 
then  turned  into  the  coils  until  the  frozen  cake  is  melted  free  of  the  steel  plate.  The  cake  is  then 
lifted  out  of  the  tank  by  a  crane  and  is  carried  to  a  tipping  table  where  it  is  brought  to  a  hori- 
zontal position  and  cut  up  to  commercial  sizes  by  means  of  a  circular  saw.  This  type  of  i^nt 
is  very  economical  in  operation  but  is  high  in  first  cost.  There  is  also  the  objection  that  many 
cakes  are  so  cracked  or  otherwise  broken  before  they  are  finally  disposed  of,  that  there  is  an 
excessive  loss  of  ice. 

In  the  disHUed  water  can  system,  steel  cans  of  commercial  sizes  are  surroimded  by  brine  in  a 
steel  freezing  tank.  Three  hundred  pound  cakes  are  most  commonly  used.  The  cans  for 
this  size  of  cake  are  11}^  X  22H  X  44  in.  These  cans  are  set  in  a  tank  48  in.  deep  and  are 
I^aced  on  25-in.  centers  lengthwise  of  the  tank  and  on  15-ia.  centers  across  the  tank.  Between 
the  cans  and  running,  lengthwise  of  the  tank,  expansion  coils  are  placed,  usually  6  pipes  high 
and  on  7-in.  centers.  The  ammonia  in  the  coUs  cools  the  brine  which  in  turn  freezes  the  water 
in  the  can.  The  brine  in  the  tank  is  kept  in  motion  along  the  coils  by  a  motor-driven  propeller. 
There  is  installed  in  the  plant  a  water  distilling  system  through  which  all  the  water  for  the  cans 
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passes.  The  water  thus  being  free  of  all  foreign  matter,  freezes  clear  in  the  cans.  When  the 
water  in  the  can  is  frozen  (which  requires  about  48  hr.  for  a  300-lb.  cake),  the  can  with  the  ice  is 
lifted  out  of  the  tank  and  lowered  into  a  tank  containing  hot  water.  It  is  left  here  sufficiently  long 
to  thaw  the  ice  cake  free  of  the  can.  The  can  is  then  lifted  and  {daced  on  a  can  dump  where 
the  cake  of  ice  is  dumped  out  and  passed  to  the  ice  storage  room.  This  system,  until  the  last  few 
years,  was  the  system  which  was  most  commonly  installed.  The  objections  to  it  are:  low 
economy,  and  the  necessity  of  having  in  conjunction  with  the  plant  a  distilling  apporatas,  thus 
requiring  steam. 

The  raw  water  can  system  is  identical  with  the  distilled  water  can  system  in  so  far  as  the 
arrangement  of  the  cans  in  the  tank  is  concerned.  The  difference  is  in  the  use  of  raw  water  (city 
water)  instead  of  distilled  water.  There  is  installed  in  the  plant  an  air  compressor  which  forces 
air  through  pipes  to  the  freezing  tank.  This  air  is  piped  to  the  bottom  of  the  can  of  water  and 
allowed  to  bubble  up  through  the  water.  As  the  water  freezes  in  the  can,  this  air  keeps  the 
surface  washed  free  of  air  bubbles  and  foreign  matter,  thus  forming  a  clear  cake  of  ice.  The 
advantages  of  this  system  are:  a  steam  plant  is  not  necessary  as  the  plant  can  be  electrically 
driven  or  otherwise,  depending  on  kinds  of  power  available;  and  better  economies  are  obtained 
than  with  the  other  types.  A  raw  water  can  plant  may  easily  be  made  to  produce  20  tons  of 
ice  per  ton  of  coal,  whereas  6  to  10  tons  of  ice  per  ton  of  coal  is  about  all  that  can  be  ex])ected 
of  a  distilled  water  plant.  During  the  past  few  years  the  raw  water  plant  has  been  installed 
almost  exclusively  and  due  to  the  high  economies  which  are  possible  only  with  this  type,  many 
old  style  plants  have  been  converted  from  the  distilled  system  to  a  high  duty  raw  water  system. 

12.  Determination  of  Size  of  Ice  Plant — The  amount  of  ice  which  can  be  sold  in  a  given 
community  is  usually  known  or  can  be  easily  estimated.  If  no  large  storage  house  is  available 
for  the  storage  of  ice,  the  ice  plant  should  be  made  large  enough  to  supply  the  demand,  running 
at  full  capacity  for  200  days  per  year.  The  daily  tonnage  of  the  plant  is  thus  determined. 
The  freezing  tank  is  then  made  large  enough  to  accommodate  14  to  18  cans  (300  lb.  each)  per 
ton  of  ice  making  capacity.  '  16  cans  per  ton  is  most  commonly  used.  The  larger  the  number  of 
cans  per  ton  the  more  economical  the  plant,  as  the  time  of  freezing  is  lengthened. 

18.  Ice  Storage  Buildings. — In  connection  with  ice  making  plants,  there  are  built  ice  storage 
buildings.  There  is  always  a  daily  ice  storage  room  where  the  ice  is  stored  to»be  used  im- 
mediately. Where  the  plant  is  large  enough  to  supply  the  entire  demand  by  running  only 
during  the  ice  season,  this  room  is  all  the  space  that  is  required.  A  daily  ice  storage  room  should 
be  designed  to  provide  for  a  four  days'  supply  of  the  freezing  tank.  The  ceiling  height  is  low, 
usually  8  ft.,  and  the  expansion  pjpe  is  arranged  below  the  ceiling  on  10-in.  centers  the  entire 
length  and  width  of  the  room.  The  room  should  be  large  enough  to  accommodat<e  the  ice 
standing  on  end,  one  cake  high.  12  sq.  ft.  per  ton  of  ice  should  be  used  in  determining  the  size 
of  the  building  under  these  conditions. 

It  ia  usually  more  eoonomical  to  provide  a  large  ice  storage  building  for  the  storage  of  ice  made  during  the 
winter  months,  and  buUd  the  ice  plant  only  large  enough  to  provide  for  the  demand  by  operating  300  days  per  year, 
loe  storage  buildings,  however,  are  not  advisable  unless  they  can  be  built  for  at  least  2000-tons  capacity.  The 
larger  the  storage  building,  the  better.  They  should  be  30  to  40  ft.  high  and  should  have  an  area  unobetructed 
by  columns  below  the  roof.  The  expansion  coils  are  supported  by  hangers  along  the  walls  near  the  oeUing.  The 
buildings  are  designed  for  40  cu.  ft.  per  ton  of  ice.     The  weight  of  ice  is  57^  lb.  per  ou.  ft. 

14.  Practical  Notes. — All  systems  of  refrigeration  require  water  to  be  circulated  over  the 
ammonia  condensers.  The  amount  of  water  which  must  be  provided  for  this  work  is  approxi- 
mately 3  gal.  per  min.  per  ton  of  refrigeration.  Where  it  is  necessary  to  use  city  water  for  this 
cooling  work,  the  same  water  can  be  used  over  and  over  again  by  means  of  a  cooling  tower. 
A  tower  should  be  on  a  high  portion  of  the  building  where  it  has  free  access  to  air  currents. 

1)^  and  2-in.  pipes  are  most  commonly  used  for  cooling  coils.  The  friction  of  the  cooling 
medium  in  the  pipe  becomes  excessive  when  pipe  smaller  than  13^  in.  is  used;  and  when  a  pipe 
larger  than  2  in.  is  used,  the  cooling  surface  is  too  small  for  the  volume  of  the  pipe. 

In  designing  buildings  where  refrigeration  is  uged,  the  foUo^ving  floor  loads  per  sq.  ft.  may 
be  used:  in  cold  storage  plants,  175  to  250  lb.  depending  upon  the  goods  to  be  stored:  under 
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freezing  tanks,  375  lb.  for  300-lb.  can  tanks;  and  under  ice  storage  rooms,  use  60  lb.  per  cu.  ft. 
for  the  weight  of  the  ice. 

In  still  air,  3000  lin.  ft.  of  iK-in-  I^pe  cai^  be  used  for  one  expansion  valve.  When  the 
INpe  is  submerged  in  brine,  as  is  the  case  in  a  freezing  tank,  not  more  than  600  lin.  ft.  should 
be  used. 

Four  inches  of  corkboard  insulation  should  be  used  on  rboms  where  a  temperature  of  25  to 
35  deg.  F.  is  to  be  obtained;  6  in.  should  be  used  for  temperatures  of  from  0  to  25  deg.  F.;  and 
8  in.  should  be  used  for  temperatures  below  this.  Four  inches  of  insulation  is  sufficient  under 
freezing  tanks,  although  some  designers  prefer  6  in.;  12  in.  of  granulated  cork  is  used  around  the 
side  of  freezing  tanks.  Insulation  for  cold  storage  buildings  should  not  be  broken  at  each  floor 
but  should  be  continuous  and  should  be  laid  on  top  of  the  roof  construction  and  between  layers 
of  concrete  on  the  floor,  as  in  Figs.  3  and  4.  Insulation  on  the  floor  of  a  room  should  be 
protected  by  3  to  4  in.  of  concrete  as  in  Fig.  4. 

The  amount  of  power  required  per  ton  of  refrigeration  naturally  varies  with  the  design  of 
the  plant.  An  average  figure  is  1.5  hpi  In  the  summer  months  the  amount  of  power  required 
will  be  about  1.75  hp.,  and  during  the  winter  months,  this  rate  will  be  about  1.3  hp.  Absorp- 
tion machines  require  about  35  lb.  of  steam  per  hr.  per  ton  of  refrigeration. 

Electricity  at  1  ct.  per  kw.-hr.  and  coal  at  $4  per  ton  can  be  considered  as  equivalent  when 
considering  power  coats  of  a  plant  of  equal  efficiency. 

The  average  plant  requires  for  make  up  purposes,  1  lb.  of  ammonia  per  10  tons  of 
refrigeration. 

Pboperties  of  Food  Products  Kept  in  Cold  Storage 


Product 


Temperature 
carried 


Speoifio  heat 


Above  freesins 


Below  freeiing 


Latent  heat 
of  f  reeling 


Apples 

Beef  f  rosen 

Butter 

Cabbage 

Carrots 

Cheese 

Cream 

Eggs 

Fish— dried 

Fish — fresh — frosen 

Fruits — fresh 

Fruits — dried 

Oame  to  freeae 

Ice 

loe  cream 

Lobster 

Milk 

Oysters 

Pork 

Potatoes . 

Poultry 

Veal 

Vegetables 


32-33 
0-15 
0 
33 
33 
33 
33 
30-32 
0-16 
0-15 
32-36 
35-40 
0-15 
25 
0 

35 

35 

36 

34 

0-15 

32-36 

34-35 


0.92 
0.77 
0.64 
0.03 
0.87 
0.64 
0.68 
0.76 
0.58 
0.82 
0.92 
0.84 
0.80 
1.00 
0.75 
0.81 
0.90 
84 
51 
80 
78 
70 
01 


0 
0 
0 
0 
0 
0 


0.41 

0.48 
0.45 

0.38 
0.40 
0.43 
0.43 


0.42 

0.504 

0.38 

0.42 

0.47 

0.44 

0.30 

0.42 

0.30 


102 

84 

129 

118 

84 
100 
111 
111 


105 
144 

82 
108 
124 
114 

55 
105 
102 

90 


SECTION  12 

COMMUNICATING  SYSTEMS 

By  C.  M.  Janskt 

The  modem  method  of  oral  oomjnunication  between  persons  at  some  distance  apart  is  by 
some  form  of  the  telephone.  The  particular  kind  of  telephone  system  to  be  installed  in  any 
case  will  depend  upon  local  conditions,  such  as  distance  and  the  publicity  or  privacy  of  the  sys- 
tem. If  the  general  public  is  to  be  permitted  to  communicate  at  pleasure  ,with  persons  in  the 
building,  then  undoubtedly  the  telephone  connections  will  be  made  with  the  central  telephone 
exchange.  If  the  number  of  calls  are  relatively  few  and  concern  only  a  few  people,  then  each 
telephone  may  be  connected  directly  with  the  central  office.  On  the  other  hand,  where  any  one 
of  a  number  of  persons  may  be  called  or  may  wish  to  communicate  with  persons  outside  of 
the  building,  there  is  usually  installed  a  local  or  private  branch  exchange.  By  private  branch 
exchange  is  meant  a  telephone  system  complete  in  itself  and  adapted  to  bring  into  communica- 
tion any  two  subscribers  in  a  comparatively  small  community,  such  as  a  business  establish- 
ment or  hotel,  or  any  of  these  subscribers  with  any  of  those  connected  to  a  regular  exchange. 
Such  an  intercommunicating  system  is  usually  instaUed  by  the  telephone  company  in  accordance 
with  its  specifications  and  is  maintained  by  it.  Where  a  private  branch  exchange  switchboard 
or  a  basement  terminal  is  installed,  it  is  necessary  to  carry  at  least  two  wires  from  each  telephone 
to  the  central  distributing  point  in  the  building.  Where  these  buildings  are  served  by  means  of 
a  cable,  it  is  generally  necessary  to  extend  a  building  cable  and  establish  one  or  more  branch 
terminals,  from  which  the  distribution  wires  are  taken.  Hence,  the  importance  of  making  ade- 
quate provision  in  advance  for  such  cabling  and  wiring.  It  is  advisable  to  have  such  provision 
in  the  building  plans,  otherwise  the  walls  may  be  disfigured  by  unsightly  open  wiring,  or  it  may  be 
necessary  to  make  openings  through  walls,  floors,  and  partitions  after  the  completion  of  the 
building.  All  details  for  making  these  provisions  will  be  furnished  by  the  telephone  company 
to  the  architect  or  builder  upon  request  and  consultation. 

1.  Location  of  Distributing  Frame.' — Local  conditions  will  often  determine  the  location 
of  the  distributing  frame.  There  are,  nevertheless,  some  general  considerations  which  should  be 
heeded.  Where  conditions  permit,  the  frame  is  often  mounted  on  the  wall  behind  the  switch- 
board. Whether  such  a  location  is  possible  will  depend  upon  the  point  of  entrance  of  the  cables 
from  the  outside.  In  every  case  it  is  advisable  to  locate  the  frame  as  near  to  the  switchboard 
and  as  near  the  point  of  entrance  of  the  cables  as  conditions  will  permit,  thus  reducing  to  a 
minimum  the  length  of  cable.  The  frame  should  always  be  mounted  where  it  will  be  easily 
accessible  for  repairs  and  where  it  will  not  be  subject  to  dampness  and  mechanical  injury. 
From  the  frame  the  wires  are  carried  to  the  switchboard  through  switchboard  cables  along  a 
cable  rack,  or  in  a  wooden  conduit  3  to  4  in.  square  in  cross  section.  This  cable  runway  b 
fastened  to  a  wall  or  railing,  or  is  supported  a  short  distance  above  the  floor  by  means  of  sup- 
porting iron  frame  work.  The  distributing  frame  and  cable  rack  should  be  securely  bolted 
together  and  fastened  to  the  wall  and  floor  with  lag  screws. 

2.  Location  of  Switchboard.' — The  private  branch  exchange  switchboard  should  be  located 
on  a  solid  floor  free  from  vibration,  and,  if  a  lamp  signal  board,  in  a  position  such  that  strong  light 
will  not  shine  on  its  face  so  as  to  subdue  the  lamp  signals.  Where  a  distributing  frame  is  not 
mounted  behind  it,  the  switchboard  should  be  placed  not  less  than  18  in.  from  a  w^all  or  railing; 
so  as  to  permit  inspection  freely.  Where  a  frame  is  installed  behind  the  board,  a  space  should 
be  left  between  the  two  so  as  to  permit  free  access  to  the  frame  connections  and  to  the  back  of 
the  board. 

>  SpeoifioatioDs  of  The  American  Telephone  and  Telegraph  Co. 
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SometimeB.  in  pUoe  of  a  distributing  frame,  a  oross  connecting  box  is  used.  Thia  ehould  be  located  where 
it  will  be  free  from  dampneea  and  mechanical  injury,  and  where  it  is  easily  accessible  for  inspection  and  repairs. 
It  is  often  placed  near  a  pipe,  elevator,  or  dumb  waiter  shaft  so  that  the  distributing  wires  and  cables  can  be  run 
directly  to  the  different  floors.  A  typical  installation  of  cables,  switchboard,  cross  connecting  box,  etc.,  is  shown 
in  Fig.  1. 

8.  Telephone  Wiiiog  Classification.^ — ^It  is  customary  to  divide  buildings  for  wiring  pur- 
poses into  three  classes :  apartment  buildings,  offices,  and  hotels.  Under  the  term  apartment 
buildings  are  included  all  those  larger  than  single  houses  or  stores  and  smaller  than  office  build- 
ings. Such  buildings  may  contain  living  and  office  apartments,  and  also  stores,  generally  on 
the  ground  floor. 

In  an  apartment  building  the  maximum  number  of  telephones  is  seldom  more  than  one  per 
apartment.  The  class  of  service,  however,  is  very  difficult  to  forecast.  In  planning  communi- 
cation facilities  for  such  buildings,  it  is  advisable  to  provide  for  one  circuit  from  each  telephone 
to  the  distributing  center. 
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To  make  satisfactory  and  adequate  provision  for  a  communication  system  for  an  office  building  is  a  difficult 
problem  for  many  reasons:  The  number  of  telephones  to  be  installed  will  depend  upon  the  character  of  the  business, 
location  of  building,  requirements  of  individual  tenants,  business  of  tenant,  and  duration  of  tenancy. 

When  planning  for  a  communication  system  for  an  office  building,  provision  should  be  made  for  the  installa- 
tion of  one  or  more  private  branch  exchanges  as  weU  as  a  central  distributing  basement  terminal  at  which  the 
service  cables  end. 

The  wiring  provisions  for  a  hotel  will  depend  upon  the  sise,  location,  type,  and  kind  of  building.  Usually 
provision  should  be  made  for  at  least  one  private  branch  exchange  and  a  basement  terminal. 

4.  Installation  of  Subscribers'  Sets. — By  subscriber's  set  is  meant  the  patron's  teJephone 
together  with  all  necessary  wiring  from  the  terminal  board.  As  a  result  of  many  years'  ex- 
perience, the  telephone  companies  have  developed  certain  standard  methods  of  installation 
which  have  proved  satisfactory  in  practice. 

As  a  rule  the  telephone  proper,  that  is,  receiver  and  transmitter,  are  located  to  suit  the 
convenience  of  the  user.  As  a  general  rule  it  may  be  stated  that  the  telephone  should  be  located 
in  a  light  and  quiet  place.  A  wall  set  should  be  mounted  so  that  the  center  of  the  transmitter 
with  face  vertical  is  about  4  ft.  9  in.  above  the  floor.  The  wall  should  be  solid  or  some  other 
support  should  be  used  to  avoid  vibration.  The  set  should  not  be  located  near  grounded  me- 
tallic objects,  such  as  radiators,  registers,  sinks,  water  and  steam  pipes,  or  near  electric  fixtures, 
because  of  the  possibility  of  the  patron  receiving  electric  shock.  In  business  offices  wheie  the 
telephone  is  frequently  used  by  one  person,  it  is  customary  to  mount  the  set  or  some  parts  of 

>  American  Telephone  and  Telegraph  Company's  Specifications. 
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it  on  the  patroa's  desk.  Fig.  2'  shows  the  moot  desirable  looatioDs.  Looations  I  and  1-A  are 
prderable  (or  mounting  the  bell  boxes  of  a  oomnioii  battery  desk  get.  U  it  is  desired  to  conceal 
the  box,  it  may  be  mounted  under  the  desk  at  locatbus  indicated  by  2  and  2-A. 


Cellar  with  Latti  and  Plaster  Celling 


Ctllar  wfihoui  loth  and  flayer  Ceiling 
Via.  S. 

%ice  the  ringer  of  the  magneto  set  must  be  conveniently  accessible  to  the  user,  the  best 
locations  for  it  are  at  3  or  3- A.  Another  method  of  disposing  of  the  ringer  bos  for  desk  sets  is 
shown  in  Fig.  3. 

6.  Substation  Wiring. — When  the  locations  for  the  telephones  have  been  selected,  oonsid-' 
oration  should  be  given  (o  the  best  means  of  runnii^  the  wiring,  and  if  possible,  provisions  should 


Fn.  6. 

be  mad«  for  concealing  them.  When  no  private  branch  exchange  ia  to  be  installed,  tlie  ^ires 
are  usually  hrot^ht  into  the  building,  as  shown  in  Fig.  4.  From  the  protectors  the  wires  are 
then  run  to  the  subsoribe-'s  sets.  The  routes  to  be  followed  and  the  type  of  installation  to  be 
em^doyed  will  depend  upon  local  conditions.     The  route  should  be  as  direct  as  possible  and 

■  Sp«oiSc«tloiia  ol  Th«  Americui  Telephons  and  Tdee^pb  Co. 
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ftU  wirii^  should  be  iaooiutpicuous  and  protected.     F^gs.  5  to  0  inclusive  ahow  bow  thia  problem 
is  solved  under  different  conditions. 


6.  Intercommuaicatlag  Tslephones. — While  all  telephohe  systems  permit  intercommuni- 
cation, the  terms  intercommunicating  telephones,  or  interphones,  is  used  to  designate  the  ar- 
rangement of  several  seta  of  telephones  such  that  any  station  can  call  any  other  station  without 


\  central  operator.  Such  systems  are  used  extensively  in  factories,  offices, 
apartment  buildings,  stores,  and  large  private  dwellings  as  they  afford  a  ready  means  of  coai- 
munication  between  different  departments. 


Telei^onn  systems  for  intercommunication  may  be  operated  either  by  a  loeal  battery  for 
the  talking  circuit  and  a  magneto  for  signalling,  or  they  may  be  Operated  entirely  from  a  common 
battery.     When  the  common  battery  type  is  used,  two  seta  oS  batteries  are  invariably  emidoyed. 
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there  are  statioiw,  and  Hnee  running  from  any  one  etation  connect  the  jacks  into  as  many  parallel  groups  as  there 
are  stations.  At  each  station  the  ringer  is  bridged  across  one  line.  This  line  is  designated  at  all  other  stations 
as  belonging  to  the  station  at  which  the  bells  are  bridged.  The  talking  and  ringing  circuit  at  each  station  is  pro- 
vided with  a  terminal  plug  which  is  used  to  make  connection  with  the  Jack  of  any  other  station.  Fig.  10  is  a  sim- 
plified diagram  of  such  a  system.  When  a  person  at  station  A  wishes  to  call  some  one  at  station  D,  he  inserts  the 
plug  into  the  jack  connected  to  the  D  line  and  turns  the  magneto.  As  the  only  ringer  that  is  bridged  across  this 
line  is  at  station  D  it  is  the  only  station  that  will  hear  the  calL  As  soon  as  the  pexson  at  station  D  inserts  his  plug 
in  jack  D,  the  talking  circuit  with  station  A  is  complete. 

Although  such  a  system  is  extremely  simple,  owing  to  the  convenience  of  automatic  ■ignnlKng  provided  by 
the  common  battery  syBtem*  the  latter  is  displacing  it. 

7.  Common  Battery  Interphone  Systems. — Most  of  the  manufacturers  of  standard  tele- 
phone apparatus  also  manufacture  intercommunicating  telephone  apparatus.  In  general  the 
principles  of  operation  of  the  different  makes  are  the  same,  but  each  has  some  distinctive  method 
of  connection  for  ringing. 

At  each  station  is  a  telephone  set,  either  a  wall  set  containing  the  ke]^^  and  talking  set.  or 
a  desk  stand  with  a  separate  key  box.    Each  wall  set,  or  desk  set  key  box  has  a  series  of  buttons, 


(a) 


Fxo.  10. 


(c) 


each  one  numbered  or  lettered  to  indicate  the  line  it  controls.  Typical  common  battery  inter- 
communicating sets  are  shown  in  Figs.  11,  12,  and  13.  An  apartment  house  set  with  letter 
boxes  is  shown  in  Fig.  14.  A  person  at  one  station  wishing  to  talk  to  one  of  the  other  stations 
presses  the  corresponding  button  down  to  the  ringing  position,  and  the  desired  station  is 
signalled.  When  this  button  is  pushed  down,  any  other  button  in  the  set,  which  might 
happen  to  be  depressed,  is  automatically  restored,  thus  clearing  the  station  of  any  previous 
connection.  When  the  pressure  is  removed  the  button  comes  back  to  a  halfway  or  talking 
position,  so  that  as  soon  as  the  called  station  receiver  is  removed  the  talking  connections 
are  complete. 

The  wiring  of  an  intercommunicating  system  appears  complicated,  but  this  is  due  to  the  multiplicity  of  wires 
at  each  telephone.  As  a  matter  of  fact,  the  circuits  are  quite  simple.  Diagrams  of  the  circuits  of  two  stations 
involved  when  one  calls  the  other,  of  a  Western  Electric  interphone  ss^tem  ^  shown  in  Fig.  16.  The  diagram 
shows  that  two  sets  of  batteries  are  used,  one  for  ringing  and  one  for  talking. 

It  is  a  good  plan  to  use  cables  instead  of  loose  wires  for  the  inside  wiring,  and  provision  for  running  these 
cables  may  advantageously  be  made  during  the  process  of  construction  of  the  building.  Methods  of  running 
intsrphone  cabled  to  meet  different  oonditions  are  shown  in  Fig.  IS. 


SECTION  13 
UGHTNING  PROTECTION 
By  C.  M.  Janbkt 

1.  Nature  of  Lightning. — ^lightning,  as  ordinarily  understood,  is  the  discharge  of  atmos- 
pheric electricity  between  clouds,  or  between  clouds  and  the  earth.  This  conception  is  in  some 
respects  inadequate  although  it  does  seem  to  state  what  one  actually  sees.  A  more  modem 
conception  assumed  that  the  breaking  up  and  recombination  of  water  particles  results  in  elec- 
trification of  the  clouds  and  atmosphere.  This  electrification  produces  stresses  in  the  ether, 
and  the  lightning  discharge  is  an  equalization  of  these  stresses.  In  this  respect,  lightning  may 
be  compared  to  the  breaking  of  a  piece  of  glass  which  has  been  rapidly  chilled  and  thereby  filled 
with  internal  stresses.  When  the  outer  surface  of  such  a  piece  of  glass  is  scratched,  it  suddenly 
breaks.  The  internal  stresses  are'  relieved  by  rupturing  the  glass.  The  breaks  in  the  glass 
follow  the  Unes  of  least  resistance,  or  along  the  weakest  lines  of  the  glass.  The  influence  of 
these  internal  stresses  is  made  manifest  in  all  parts  of  the  glass.  Similarly,  a  lightning  discharge 
is  a  redistribution  or  equalization  of  the  stresses  in  the  ether  jH-oduced  by  the  accumulation  of 
electricity  in  the  clouds.  This  explains  why  an  electric  shock  is  often  felt  at  points  remote 
from  the  place  of  the  direct  stroke.  The  discharge  sets  up  electromagnetic  waves  in  the  ether 
somewhat  in  the  same  manner  as  waves  are  set  up  in  water  when  a  disturbance  takes  place  at 
some  point  in  it. 

The  internal  stresses  in  the  suddenly  chilled  pieces  of  glaas  may  be  relieved  in  two  different 
ways:  one  by  suddenly  reducing  the  constraining  force  of  the  envelop  at  one  point  and  thus 
causing  an  explosion;  and  the  other  by  reheating  the  glass  uniformly  and  thus  permitting  the 
gradual  equalization  of  the  stresses.  In  an  analogous  way  the  equalization  of  the  electrical 
stresses  in  the  ether  may  be  brought  about  by  the  sudden  release  of  the  forces  along  a  non- 
conducting path;  and  the  other,  by  a  gradual  readjustment  or  discharge  along  some  conducting 
path. 

The .  problem  of  lightning  protection  of  buildings  oonsists  in  providing  eonduoting  paths  for  the  relatively 
slow  and  gradual  dissipation  of  the  electrification,  and  if  the  sudden  discharge  cannot  be  avoided,  to  at  least  reduce 
its  destructive  effect  to  a  minimum.  These  conducting  paths  consist  of  copper,  aluminum,  or  iron  wire  in  the  fOTm 
of  lightning  rods. 

Although  the  exact  character  of  the  lightning  discharge  between  clouds  is  not  known,  it  is  qxiite  well  estab* 
liahed  that  it  is  oscillatory  when  taking  place  through  objects  on  the  earth's  surface.  The  lightning  discharge  is 
not  a  rush  of  electricity  in  one  direction,  but,  like  a  steel  spring  when  it  is  deflected  and  released,  it  swings  past  the 
point  of  equilibrium,  so  the  lightning  discharge  oecillates  several  bxindred  thousand  and  perhaps  millions  of  times 
per  second.  This  oscillatory  character  of  the  discharge  introduces  certain  factors  in  lightning  rod  design  and  in- 
stallations that  are  usually  neglected  when  designing  conductors  for  low  frequency  deotric  current. 

2.  Electrical  Conductors. — The  energy  of  an  electric  current  when  flowing  through  a  con- 
ductor is  dissipated  as  heat.  When  the  current  is  of  low  frequency,  the  heat  is  developed 
throughout  the  whole  cross  section  of  the  conductor.  When  a  high  frequency  alternating  cur- 
rent passes  through  a  conductor,  the  energy  is  converted  into  heat  only  on  the  outer  surface  of 
the  conductor,  and  as  electric  radiations  into  space.  The  electrical  resistance  of  a  conductor 
is  of  practically  no  importance  as  far  as  the  question  of  dissipating  the  high  frequency  energy 
of  a  lightning  discharge  is  concerned.  Thus  from  an  electrical  point  of  view,  it  matters  little 
whether  copper,  aluminum,  or  iron  is  used  for  the  lightning  conductor.  From  the  viewpoint 
of  durability,  the  copper  and  aluminum  take  precedence. 

Composite  oonducto»— that  Ib,  oonduotors  made  of  different  m«t«rial»— should  not  be  used.  Ualeas  the 
two  materials  arc  combined  in  the  form  of  an  alloy — or  unless,  when  one  is  used  as  a  coating  for  the  other,  they  are 
in  intimate  contact  and  the  coating  is  of  considerable  thickness — electrolytic  action  will  sooner  or  later  develop, 
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eausing  rapid  deterioration  of  the  eonduotort.  Since  lightning  rods  are  rery  likely  to  be  neglected,  none  but  the 
best  materials  and  first-class  workmanship  shonld  be  tolerated.  The  form  of  the  conductor  is  of  little  moment- 
it  may  be  round*  flat,  solid,  or  stranded.  It  should  not,  however,  be  too  small  In  diameter.  Authorities  differ 
with  respect  to  the  best  sise  of  wire  to  use,  but  nothing  smaller  than  No.  2  copper,  No.  00  alumintun,  and  No.  1 
galvanised-iron  wire  should  be  used. 

3.  Protection  Provided  by  Lightning  Rods. — Perhaps  the  most  extended  investigations  as 
to  the  effectiveness  of  lightning  rods,  were  carried  out  under  the  guidance  of  Prof.  W.  H.  Day 
of  the  Ontario  Agricultural  College.    His  conclusions  may  be  briefly  summarized  as  follows : 

Properly  installed  and  maintained  lightning  rods  are  both  a  preventative  of  a  lightning  stroke  and  a  protec- 
tion against  fire  or  serious  damage  in  case  of  a  lightning  discharge  through  the  rods.  £zi>erience  seems  to  show 
that  buildings  with  steel  frame  work,  well  grounded,  are  practically  lightning  proof. 

4.  Installation  and  Maintenance  of  Lightning  Rods. — ^If  lightning  rods  are  not  properly 
installed  and  maintained,  they  may  prove  an  element  of  danger  instead  of  protection;  hence 
the  following  simple  rules  should  be  carefully  observed:^ 

4a.  MateriaL — If  proper  precautions  for  maintenance  are  taken,  double  galvan- 
ized-iron  conductors  may  be  used  instead  of  copper  or  aluminum.    No  conductor  smaller 
than  No.  2  copper  or  No.  00  aluminum  A.W.G.y  or  No.  1  iron  B.W.G.  should  be  used.    Combi- 
*  nation  wires  are  not  advised  on  account  of  dura- 
bility.   The  conductor  may  have  any  form  that 
will  give  durability  and  convenience  in  installation. 

46.  Location. — ^The  exact  location 
and  number  of  rods  to  be  used  in  any  case  will 
depend  upon  the  shape  of  the  building.  Two 
main  vertical  rods  should  be  provided  at  each 
end  of  the  building,  and  in  addition,  each  tower, 
spire,  or  chimney  should  be  protected  by  vertical 
rods  (Fig.  1).  Likewise  short  vertical  rods  should 
be  erected  along  minor  pinnacles  and  all  should  be 
connected  by  horizontal  conductors.  The  vertical 
points  along  the  ridge  should  be  spaced  not  more 
than  20  to  30  ft.,  and  the  first  should  be  not  over  " 
5  ft.  from  the  end.  The  vertical  rods  need  not  ex- 
ceed 4  to  5  ft.  in  height  except  those  on  or  beside 
chimneys,  cupolas,  or  other  similar  prominences; 
these  should  extend  at  least  18  in.  above  the  highest 
point.    The  vertical  rods  should  be  of  the  same  material  as  the  horizontal  conductors. 

4c,  Grounding. — Grounding  is  one  of  the  most  important  features  of  installa- 
tion. Unless  the  grounding  is  effective,  the  rods  may  do  more  harm  than  good.  The  first 
essential  of  a  good  ground  is  to  extend  the  conductors  to  a  depth  sufficient  to  ensure  contact 
with  permanent  moist  earth,  hence  proximity  to  rain  water  pipes  and  to  drains  is  desirable. 
The  exact  depth  will  depend  upon  local  conditions  but  the  conductor  should  extend  at  least  8  ft. 
below  the  surface.  It  is  a  very  good  plan  to  make  the  conductor  divide  close  below  the  surface 
of  the  ground  and  adopt  either  of  two  methods  for  securing  the  escape  of  the  lightning  into  the 
earth.  A  strip  of  copper  tape  may  be  led  from  the  bottom  of  the  rod  to  the  nearest  water  main, 
not  merely  to  a  lead  pipe,  and  be  soldered  to  it;  or  a  tape  may  be  soldered  to  a  sheet  of  copper 
3  X  3  ft.  at  least  He  in.  thick,  buried  ia  permanently  wet  earth,  and  surrounded  by  cinders  or 
coke.  Where  iron  is  used  for  the  rod,  a  galvanized  iron  plate  of  similar  dimensions  should  be 
employed.  Instead  of  the  plate,  there  are  advantages  of  using  a  tubular  earth  connection  con- 
sisting of  a  perforated  steel  pipe  driven  tightly  into  moist  ground  and  lengthened  up  to  the  sur- 
face. A  conductor  reaching  to  the  bottom  and  packed  with  granulated  charcoal,  is  as  effective 
an  area  as  a  plate  of  larger  surface,  and  can  easily  be  kept  moist  by  connecting  it  with  the  nearest 

1  Lightning  Rods,  Bui.  No.  220,  Ontario  Agricultural  College. 
Lightning  and  Lightning  Conductors,  Farmers'  Bui.  No.  367,  U.  S.  Dept.  of  Agriculture. 
Lightning  Bods,  E.  J.  Berg,  Standard  Handbook  for  Electrical  Engineers. 
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drain  water  pipe.     To  prevent  injury,  the  grounding  cables  should  be  protvrted  to  a  height  of 
6  to  8  ft.  above  the  ground  by  nailing  boards  around  them. 

id.  Conatraction. — All  roof  metab,  such  as  finials,  ridging,  rain-water  and  venti- 
lating pipes,  metal  bowls,  lead  flaahing,  gutters,  etc.,  should  be  well  grounded.  Some  recommend 
that  these  metal  portions  be  connected  to  the  conductors;  othets,  like  Sr  Oliver  Lodge,  suggest 

that  it  is  advisable  to  connect  these  metal  parts  together  and  then 

ground  them  rather  than  connect  them  to  the  conductor,  as  tnis  in* 

troduoes  an  element  of  danger. 

All  large  maases  of  metal  in  the  building  should  be  connected  to 

earth,  either  directly  or  by  means  of  a  lower  horisontal  conductor. 

Where  roofi  >rs  pkrtislly  oi  wholly  meUI  lined,  they  ihould  be  eonnected  to 
euth  by  meua  of  vartioal  rods  at  Hvenl  poiota,  prdeiably  dt  tbe  lower  ooTDen. 
DGvei  from  the  ridie.  Gu  pipeg  ahauld  be  kept  u  fu  away  as  pneible  from  the 
poeitlona  occupied  by  liihtning  eonduDton.  and.  u  an  additional  protectioa.  the- 
aervice  nuina  to  the  gag  meter  ahauld  be  metsUicallir  eonaecCed  with  home  Hrrieea 
leadins  from  the  meter. 
Fio.  3.  All  liEhtniHB  eonductur*  should  be  metalUcally  ooonsoted  with  the  buUdini. 

The  futeoinBi  whether  naile,  itapla,  or  cllpa  ahould  preferably  be  of  the  same 

material  ai  the  cDtiduetor.     A  sood  method  of  faateuloff  ■  EOlVHUiied  Iron  rod  to  a  chunney  »  ehown  in  FiK.  ^. 

Whare  CIib  conductore  cbanj^  dlreotioQ.  aU  sharp  benda  ahould  be  aroided. 

le.  Ualntenance. — If  galvanised-iroit  conductors  and  rods  are  used,  the  whole 
system  ahould  receive  two  coats  of  aluminum  paint,  and  the  painting  should  be  repeated  every 
ew  years.  The  system  should  likewise  be  regularly  inspected,  especially  after  a  bea-^  iv-ind 
torm  or  in  the  spring  after  a  severe  wintor. 


SECTION  14 

VACUUM  CLBANING  BQUIPMBNT 

By  Charlbs  R.  Goughenour 

1.  The  Application  of  Air  to  Vacuum  Cleaning. — The  importance  of  air  as  the  essential 
cleaning  agent  has  not  been  properly  recognized  by  the  vacuum  cleaning  industry.  The  trade 
name,  vacuum  deaner,  should  more  correctly  have  been  air  deanery  for  the  very  reason  that  a 
large  volume  of  air,  moving  at  a  high  velocity,  is  the  only  agent  by  means  of  which  dirt  or  dust 
can  be  removed  by  a  commercial  vacuum  cleaner. 

It  is  impossible  to  use  air  as  a  cleaning  agent  unless  some  method  is  used  to  cause  the  air 
to  move;  t.«.,  a  machine  to  produce  pressure  or  partial  vacuiun,  as  vacuiun  alone  would  be  an 
empty  space  if  air  was  not  supplied. 

A  conductor  is  necessary  to  convey  the  air  from  the  point  being  cleaned  to  the  machine 
or  vacuum-producer,  and  to  convey  the  foul  air  from  the  machine  or  vacuum-producer  to  the 
place  of  disposal,  such  as  a  stack,  chimney,  etc.  The  conductor  consists  of  a  suitable  tool, 
flexible  vacuum  hose,  pipe  of  adequate  size,  separating  tank  and  exhaust. 

There  are  consequently  four  essential  parts  necessary  in  a  Stationary  Air  Cleaning  Sjrstem; 
namely,  the  machine,  the  conductor,  the  air  or  volume,  and  the  vacuum.  In  taking  up  these 
parts  it  is  necessary  to  treat  each  one  separately. 

la.  The  Machine. — One  who  does  not  possess  a  working  knowledge  of  the 
different  types  of  machines  now  on  the  market  will  find  himself  in  a  very  imdecided  state  of 
mind  as  to  which  type  of  machine  has  embodied  in  it  the  correct  principle  of  design,  since  all 
manufacturers  claim  their  particular  machine  to  be  the  best.  In  order  to  choose  a  machine, 
it  is  necessary  to  consider  the  foUowing  points:  first  cost  of  machine,  cost  of  maintenance  (i.e. 
repairs,  power  consumption,  etc.),  efficiency,  and  last,  but  not  least,  the  ability  of  the  machine 
to  do  the  work. 

It  is  evident  that  a  machine  designed  with  least  oomplieation  of  parts  can  be  manufaotured  and  sold  at  lees 
cost  than  a  machine  of  many  partSt  and  that  a  machine  so  designed  will  require  less  expenditure  for  repairs  and 
less  power  consumption. 

It  is  also  evident  that  the  efficiency  of  the  machine  will  depend  on  the  simplicity  of  design  and  least  friction 
in  the  moving  parts.  Machines  constructed  on  the  principle  of  the  positive  blower  and  piston  tsrpe,  having  large 
rubbing  surfaces  and  complicated  valves,  can  hardly  compare  on  this  point  with  the  modem  high  speed  centrifugal 
fan,  with  but  two  ball  bearings  as  a  rubbing  surface  to  produce  friction. 

The  ability  of  these  types  to  do  the  work  can  only  be  judged  by  the  amount  of  air  they  displace.  The  first 
two  types  of  machines  have  a  small  capacity  for  air  displacement;  the  latter  machine,  designed  on  the  centrifugal 
fan  principle,  has  a  very  large  air  displacement  for  the  same  amount  of  power  consumed. 

16.  The  Conductor. — The  main  part  of  the  conductor  of  a  Stationary  Vacuum 
Cleaning  System  is  the  pipe.  This  should  be  of  wrought  iron,  with  a  smooth  interior,  free 
from  all  fins  or  burrs,  with  long-turn,  recessed  type  drainage  fittings.  The  pipe  should  be  of 
adequate  size,  ^  that  the  vacuum  loss  will  not  be  excessive,  with  the  use  of  a  velocity  not  less 
than  2000  ft.  per  min.,  and  should  allow  the  free  passage  of  match  sticks,  cigar  stubs,  etc.  The 
pipe  inlets  should  be  not  less  than  2-in.  diameter  to  allow  the  use  of  any  standard  diameter  of 
vacuum  hose. 

The  vacuum  hose  should  be  constructed  of  light,  flexible  material,  reinforced  with  spring 
steel  wire.  The  hose  should  also  be  of  ample  size  to  allow  the  free  passage  of  such  coarse  articles 
as  are  spoken  of  in  the  preceding  paragraph,  and  to  prevent  an  excessive  loss  of  vacuum  due  to 
the  passage  of  the  large  volume  of  air  necessary  at  the  tool  for  effective  cleaning. 

The  tool  used  for  cleaning  has  been  neglected  by  many  manufacturers.  It  is,  however, 
a  very  important  part  of  the  conductor.    The  tool  should  be  so  designed  as  to  be  operated  with 
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eaae  and  rapidity,  and  confltrueted  along  such  lines  aa  to  makp  it  adaptable  to  the  particular 
surface  to  be  cleaned,  as  well  as  durable  and  easily  renewable. 

The  •quipment  will  generally  eonBiat  of  a  large  variety  of  tools,  designed  and  oonatruoted  for  8i>ecial  naca. 
The  cBipet  and  hardwood  floor  tools  are  always  given  the  most  attention  because  of  their  frequent  use  and  severe 
service.  The  earpet  tool  should  be  of  light  material,  such  as  aluminum  or  its  equal,  with  a  snoe  of  some  bard 
substance,  such  as  steel  or  phosphor  bronse  for  rubbing  surface.  This  will  resist  wear  and  will  not  become  sharp  and 
rough;  thus  the  fabric  being  cleaned  will  be  saved  from  injury.  The  hardwood  floor  tool  should  be  constnictcd 
on  the  same  principle  as  the  carpet  tool  and  should  have  a  non-abrasive  rubbing  surface,  such  as  felt,  rubber,  or 
some  similar  substance,  to  prevent  scratching  or  marring  of  the  floor.  The  general  dimensions  of  these  tools  wiU 
depend  on  the  volume  of  air  displaced  per  tool  by  the  machine  or  vacuum-producer. 

There  are  two  methods  used  in  dealing  with  the  separation  of  the  dirt  from  the  air;  namely,  wet  and  dry. 
In  the  wet  system  the  dirt  and  diist-laden  air  is  caused  to  come  in  contact  with  water  in  the  form  of  spray  or  is 
forced  to  pass  through  a  chamber  partly  filled  with  water.  The  water  thus  dissolves  and  holds  in  suspension  part 
of  the  dirt,  and  then  this  solution  is  run  into  a  sewer.  A  portion  of  the  dust,  however,  is  carried  in  the  air  passing 
through  the  water  in  the  form  of  bubbles.  This  dust-laden  air  is  then  carried  through  the  valves  and  pistons 
of  the  vacuum-producer  used  with  this  system  of  dust  separation,  causing  great  wear  and  abrasion  of  these  accur- 
ately machined  parts.  The  exhaustion  of  this  air  under  pressure  into  a  sewer  is  also  being  eondemned  in  manj- 
dties  by  the  health  authorities,  owing  to  the  fact  that  U  produces  back  pressure  in  the  sewer,  causing  sewer  gas  to 
be  forced  into  the  building,  carrying  with  it  the  usiial  odor  and  unsanitary  conditions.  The  dry  separation  of 
the  dust  and  dirt  from  the  air  necessitates  the  removal  of  dirt  from  the  separator  in  its  dry  state.  It  is  then  burned. 
The  foul  air  passes  through  the  exhaust  into  the  outside  atmosphere.  The  small  amount  of  dust  carried  out  by 
the  air  in  this  manner  is  scarcely  perceptible  to  the  eye.  If  tha  tank  is  of  aufficient  capadty.  the  cleaning  of  it  will 
be  necessary  only  once  or  twice  per  month. 

Ic.  Volume  and  Vacuum. — It  is  necessary  to  discuss  volume  and  vacuum  under 
the  same  head,  owing  to  the  close  relation  existing  between  them.  As  has  been  stated  before, 
the  volume  of  air  is  the  one  essential  agent  in  vaccum  cleaning.  In  order  to  cause  the  removal 
of  dust  and  dirt,  it  is  necessary  to  have  a  large  voliune  of  air  in  motion.  Vacuum  is  only  the 
difference  of  air  pressure  causing  the  flow  of  this  volume.  The  proper  relation  between  vacuum 
and  volume  in  a  vacuum  cleaning  system,  together  with  the  pipe  system  of  adequate  size  to 
accommodate  this  volume  without  undue  loss,  determines  the  economy  of  the  system  in. regard 
to  power  required  to  operate,  as  well  as  the  ability  of  the  system  to  do  effective  and  thorough 
cleaning.  Experiments  made  with  high-vacuum  low-volume  machines,  in  comparison  with 
low-vacuum,  high-volume  machines,  prove  that  there  must  be  a  proportionately  larger  power 
consumption  to  maintain  the  high-vacuum  for  the  same  effective  cleaning.  This  is  also  shown 
by  the  commercial  rating  of  the  motors  connected  to  these  different  types  of  machines. 

It  is  evident  that  the  correct  principle  and  design  is  that  embodied  in  the  large-volume  low-vacuum  machine. 
Architects  and  engineers  have,  at  times,  specified  40  cu.  ft.  of  free  air  displacement  x>er  min.  at  the  tool  for  the 
high-vacuum  machines,  and  60  to  80  cu.  ft.  of  free  air  displacement  per  min.  at  the  tool  for  the  low-vacuum  machine 
for  the  same  cfFcctive  cleaning.  In  order  to  have  the  same  effective  cleaning,  each  machine  should  displace  from 
60  to  80  cu.  ft.  of  free  air  per  min.,  with  0.8  to  1  in.  of  mercury  at  the  tool. 

Therefore,  by  placing  vacuum  and  volume  in  their  proper  relation  to  each  other,  the  whole  discussion  is  finally 
brought  down  to  the  point  that  vacuum  is  only  the  cause  by  which  air  is  put  in  motion.  An  Inch  of  mercury  is 
v6ry  ample  for  cfTective  cleaning  with  the  displacement  of  60  to  80  cu.  ft.  of  air  at  the  tool.  When  a  machine 
can  be  designed  to  maintain  these  requirements  without  undue  power  consumption,  a  perfect  vacuum  cleaning 
system  will  be  realised.  The  nearest  approach  to  these  cdnditions  is  found  in  the  principle  and  design  of  the  power- 
ful high-speed  centrifugal  fan,  which  possesses  the  inherent  capacity  for  large  volume,  constant  vacuum,  and  small 
power  consumption. 

2.  Relation  of  Volume  and  Vacuum  to  Horsepower. — In  order  to  obtain  a  clear  concep- 
tion  of  the  relation  the  above  factors  bear  to  each  other,  it  it  necessary  to  arrange  the  factors 
in  the  form  of  a  curve,  to  which  the  following  article  pertains. 

On  the  diagram  accompanying  this  article,  vacuum  has  been  used  as  ordinates  on  the  left- 
hand  side,  and  horspower,  as  ordinates  on  the  right-hand  side,  volume  being  plotted  as  abscisss. 
To  avoid  confusion,  the  horsepower  has  been  plotted  for  only  one  specific  case,  that  of  a  piston, 
centrifugal  or  positive  exhauster,  with  a  rated  capacity  of  80  cu.  ft.  of  air  displacement.  This 
may  be  varied  for  any  case  by  using  the  following  formula,  which  has  been  developed  from  the 
steam  engine  formula  for  horsepower  of  an  engine: 
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ut  irhich  Ap.  ••  horsepower. 

Q  —  rated  displacement  of  exhauster  in  cubic  feet  per  minute. 

P  —  difTerence  of  air  pressure  of  vacuum  in  pounds  per  square  inch. 

From  a  well-known  law  of  Phyidcs,  the  volume  of  a  gas  at  constant  temperature  variM 
inversely  as  the  preesuie;  t.«.,  if  the  preaaure  is  doubled,  the  volume  is  reduoed  one-half;  and 
again,  if  the  pressure  ia  reduced  one-half,  the  volume  is  doubled.  ThuB,  one  can  see  if  air  at 
14.7  lb.,  or  atmospheric  pressure  at  sea  level,  is  rarefied  one-half,  or  a  partial  vacuum  of  prac- 
tically 15  in.  of  mercury  is  attained,  the  volume  of  air  is  increased  to  twice  the  amount,  but  the 
weight  or  density  of  tjie  air  ia  only  one-lialf  for  the  same  volume  aa  it  was  at  atmospheric 
pressure. 

A  perfect  vacuum  is  equal  to  practically  30  in.  of  mercury  column.  Thus,  when  an  ex- 
hauster or  vacuum-producer  ma.mfai.in a  &  vacuum  of  10  in.  of  mercury,  the  air  in  the  system  is 
rarefied  33J^%,  aa  10  in.  i^  mercury  is  just  one-third  of  a  perfect  vacuum.  Therefore,  the 
amount  of  free  air  displaced  would  not  be  equal  to  the  rated  capacity  of  the  exhauster,  but  only 
WH%  of  the  rat«d  capacity.     (I>Viction  in  the  machine  is  not  taken  into  consideration  here.) 

WheD  air  bcoomca  nrefisd  to  mny  cmt  aitsBt,  it*  duidty  i*  » imall  that  it  loua  hi  tiIub  m  ■  clauuns  BcaBt. 
Air  muat  hsva  danaity  and  b«  MtodaUd  witb  Urfa  Totimw  In  order  to  lilt  and  carry  with  it  the  dirt  and  duit  with 

li  to  malitwl"  ft  hi^  vjiDUUca,  which  naeeaaitatea  the  ooneumplion  ol  a  larne  amount  of  eliersy. 
eauaea  a  Mgh  valoeity  of  rareded  or  lisht-w^ht  ai 
that  a  low  vaouom  does  with  a  hl(h  voluniB  of  air  neu  atwotphuie  di 

If  it  wo*  poiaibts  to  prodaoe  an  afaaotutaly  paifeet  vaauum.  th*  air  would  b«  to  tsrefled  tliat  it  would  ban  no 
doniity  or  woiabt  wbatftvtr.  and  would,  tihrrfiforvr  han  no  duitHjariyini  capacity,  aa  air  loaca  iCa  oarryinf  o^iacity 
corr«apoEhlliD4ly  to  the  decree  to  which  it  ia  rarefied.  Ai  the  TBfjuum  la  craduaTly  reduced,  the  denaity  of  the  air 
ii  inereaaed  until  a  point  ia  fva^hed  where  a  "^  ***>"""*  amount  of  fre«  air  it  dieplaoed  at  a  minimum  ammint  of 
powBr  oonaunHcL 

Etperimsntj  condncted  by  the  Entfneerinc  Departmont  of  The  Uoltad  Elaetrlc  Company  bar*  proTeo  that 
a  Taeuum  of  H  to  IH  in-  of  mereury  at  the  tool,  ftcoordinf  to  tb«  anvio*  lequiietneDts,  1*  very  •atiafaetory  wbnn 
aseooiatad  with  a  larco  vidume  of  air.  The  re^atanoe  of  tlie  air  paiainc  ttuoufh  the  hoaa  and  pit»,  Irom  the  point 
baios  cleaned  to  the  vacuunt-produeer,  oausea  a  1««  of  vacuum  in  proportion  to  the  aiae  and  lenotfa  of  the  pipe. 
The  paiaase  of  the  roiume  ol  aii.  whidi  ia  ncctaaary  to  do  eSectlve  cleaning,  throuch  the  very  amall  pipe  that  ia 
uaed  and  reoommeaded  by  tlu  inaniitacturera  of  mgh-vMuuia  machine*  cauaei  eo  creat  a  Icoa  that  the  Tacsum 
at  thn  tool  will  not  axceed  ^  to  IHin.  of  mercury,  even  though  lOcr  Ifiin.  are  maintained  at  the  Tacuum-producer. 
Sinofl  the  Tacuum-produoer  ia  diaplacinc  rarefied  air,  the  amount  of  free  air  enteriag  the  tool  ia  radueed  directly 
in  proportion  to  the  vacuum  maintained,  aa  explained  in  the  fcTCcoiaf  parapapha- 

By  rafarrinc  to  tha  frefr«ir  displaoennent  curve,  it  will  be  noticed  that  a  vamium-producet  havins  a  rated 
dlsplwiemBnt  of  80  cu.  It.  of  air,  maintaisinc  10  in.  of  vacuum,  oonnuninc  1.71  hp.,  will  diaplaca  only  about  53 
cu.  It.  of  free  air.  When  tha  aaisc  volame  of  free  air  ie  dieplaaed  at  a  Ywninm  at  2  in.,  the  power  oonauioed  ia  only 
•Ha  of  O.M  -  0.2S  hp.  (Thii  doea  not  take  into  conaideratlon  tha  friction  in  the  vacuum-prodaoer. )  Thua, 
it  beooEnee  apparent  that  the  maintenance  of  a  hifh  vacuum  ia  a  fallacy:  by  uains  a  pipe  of  the  proper  aiae  ^e  air 
could  b*  conveyed  to  the  vacuura-produeat,  and  the  Hime  vaoaum  maintained  at  the  oriSae  of  the  tool  ai  that  abown 
by  the  hij^  vacuum-producer.     Thia  would  reault  In  the  aame  Quality  of  cleaning. 

Tba  diasrsm  ihow*  that  a  vaouum-producer  muat  have  an  inherent  capacity  tor  a  larf*  volume  of  air  near 
■tmotpheric  denaity,  with  only  auSolent  vaeuun  to  ovsrcoiaa  the  vacuuni  leaa  due  to  the  triatlon  is  the  pipe  (which 
ahould  be  of  adequate  aiae  to  convey  tha  large  volume  of  ale)  and  prodaea  a  vacuum  ol  H  ia.lBthaamalleattolH 
in.  in  the  latgcat  cleaoiiis  tool  while  in  aerviee. 
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8.  Lo6f  of  Vacuum  In  Pipe  and  Hose. — The  first  eesential  in  the  specification  of  a  vacuum, 
cleaning  system  is  a  working  knowledge  of  the  loss  or  drop  in  vacuum  due  to  the  passage  of 
air  through  pipe  and  hose.  , 

The  tables  which  follow  are  based  on  Weisbach's  well  known  formula: 

^  d2g 

in  which  P  —  pressure  or  vacuum  loss  in  pounds. 

/  s  constant. 

L  »  length  of  pipe  in  feet. 

V  >-  velocity  of  air  in  feet  per  second. 

d  ^  actual  internal  diameter  in  inches. 

g  »  ^2.2  =  gravity. 

The  constant  (J)  has  been  established  by  Weisbach  in  his  experiments  on  air  moving  under 

conditions  of  low  pressure  and  velocity  through  large  pipes,  such  as  are  used  in  ventilating 

systems.    The  numerical  value  of  this  constant  as  found  by  Weisbach  is  0.0001608  for  lb.  per 

sq.  in.,  or  0.0003283  for  inches  of  mercury. 

Vacuum  oleaninct  like  any  other  air  propoeition,  muet  be  experimented  with  to  obtain  a  oonatant  that  will 
give  satiflfaotory  results  for  thia  condition;  liamely,  large  volume  and  high  velocity  under  low  vacuum  conditions 
through  medium-sised  pipes.  Investigation  and  experiments  made  in  the  United  Electric  Company's  laboratory 
are  confirmed  at  the  Armour  Institute  of  Technology.  These  investigations  establish  the  numerical  value  of  this 
constant  at  0.0001060  for  lb.  per  sq.  in.,  or  0.0002143  for  inches  of  mercury.  Including  the  value  of  2^  or  64.4. 
the  constant  is  0.000003320  for  inches  of  mercury.     The  formula  then  becomes: 

P  -  0.000003329  -— 


in  which  P  >  vacuum  loss  in  inches  of  mercury. 
L  «  length  of  pipe  in  feet. 
V  ai  velocity  of  air  in  feet  per  second. 
d  i«  actual  internal  diameter  in  inches. 

Vacuum  Loss  in  Inches  of  Mebcuby  fob  100  Ft.  of  Stand abd  Wbought-ibon  Pifb 


DIa.  in  inches 


IH 


IH 


2 


2H 


3 


8H 


4H 


0 


5 
3 
1 

a 

a 

•3 
1 


U3 
9 

o 


40 

60 

80 

100 

130 

160 

180 

200 

240 

300 

320 

300 

400 

420 

480 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 


3.021 

8.822 

15.683 

24.505 

*35.286 


0.901 

2.230 

3.965 

6.195 

8.920 

15.858 

20.071 

24.779 

*35.681 


0.462 

1.040 

1.849 

2.880 

4.160 

7.395 

9.860 

11.555 

16.630 

25.999 

29.581 


0.132 

0.296 

0.527 

0.823 

1.186 

2.108 

2.668 

3.293 

4.742 

7.410 

8.431 

10.671 

13.174 

14.524 

18.950 

28.584 

29.640 


0.054 

0.122 

0.217 

0.340 

0.489 

0.870 

1.101 

1.360 

1.958 

3.059 

8.481 

4.405 

5.439 

5.996 

7.832 

8.498 

12.237 

16.656 

21.755 

27.534 

*33.992 


0.018 

0.041 

0.073 

0.114 

0.166 

0.293 

0.371 

0.458 

0.659 

1.031 

1.172 

1.484 

1.832 

2.020 

2.638 

2.863 

4.122 

5.611 

7.328 

9.273 

11.450 

13.855 

16.488 

19.861 

22.442 

25.763 


0.009 
0.020 
0.035 
0.055 
0.079 
0.141 
0.179 
0.221 
0.318 
0.407 
0.565 
0.715 
0.883 
0.974 
1.272 
1.371 
1.987 
2.706 
3.538 
4.471 
5.520 
6.679 
7.949 
0.329 
10.819 
12.421 


0.0047 

0.0106 

0.0188 

0.0294 

0.0423 

0.0752 

0.0952 

0.1175 

0.1692 

0.2644 

0.3006J 

0.8808 

0.4700 

0.5188 

0.6769 

0.7346 

1.0677 

1.4396 

1.8808 

2.3798 

2.9380 

3.5550 

4.3207 

4.9652 

6.7585 

6.6106 


0.0027 

0.0061 

0.0107 

0.0167 

0.0240 

0.0428 

0.0640 

0.0668 

0.0977 

0.1508 

0.1711 

0.2197 

0.2673 

0.2991 

0.3006 

0.4176 

0.6013 

0.8186 

1.0601 

1.3580 

1.6704 

2.0212 

2.4054 

2.8230 

8.2740 

3.7584 


0.0015 

0.0034 

0.0061 

0.0005 

0.0137 

0.0243 

0.0308 

0.0380 

0.0548 

0.0866 

0.0974 

0.1232 

0.1622 

0.1677 

0.2191 

0.2377 

0.8423 

0.4660 

0.0086 

0.7703 

0.95101 

1.1507 

1.3604 

1.6072 

1.8639 

2.1397 


0. 
0. 
0. 
0. 
0. 


0.0006 
0.0014 
0.0024 
0.0038 
0.0054 
0096 
0124 
0161 
0318 
0341 
0.0388 
0.0491 
0.0606 
0.0668 
0.0872 
0.0872 
0.1363 
0.1866 
0.2423 
0.3066 
0.3786 
0.4581 
0.6452 
0.6398 
0.7430 
0.8618 


•  Denotes  impossible  loss — 29.922  hg.  inches  equals  perfect  vacuum. 


Sec.  14-4] 


VACUUM  CLEANING  EQUIPMENT 
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Vacuum  Loss  in  Inches  of  Mbrcurt  for  100  Ft.  of  Standard  Vacudm  Hose 


Dl*.  in  inches 

K 

1 

IK 

IM 

IK 

2 

2H 

2K 

10 

1.316 

0.311 

0.102 

0.041 

0.019 

0.010 

0.005 

0.003 

20 

5.262 

1.245 

0.407 

0.163 

0.077 

0.039 

0.022 

0.013 

i{ 

30 

11.840 

2.802 

0.916 

0.369 

0.173 

0.087 

0.040 

0.029 

0 

a 

40 

21.050 

4.081 

1.628 

0.656 

0.307 

0.155 

0.086 

0.061 

1 

60 

•32.890 

7.783 

2.544 

1.024 

0.479 

0.242 

0.135 

0.080 

60 

11.207 

3.664 

1.475 

0.690 

0.349 

0.194 

0.115 

70 

15.254 

4.987 

2.008 

0.940 

0.475 

0.264 

0.167 

•a 

80 

19.924 

6.514 

2.623 

1.227 

0.620 

0.345 

0.206 

•s 

00 

25.216 

*      8.244 

3.319 

1.553 

0.786 

0.437 

0.269 

J 

100 

•31.131 

10. 178 

4.098 

1.917 

0.969 

0.540 

0.320 

110 

12.315 

4.959 

2.320 

1.174 

0.663 

0.387 

.5 

120 

14.656 

5.901 

2.761 

1.395 

0.777 

0.460 

(3 

130 

17.201 

6.926 

3.241 

1.638 

0.912 

0.640 

140 

19.949 

8.032 

3.758 

1.899 

1.058 

0.627 

150 

22.900 

9.220 

4.314 

2.180 

1.214 

0.719 

•  Denotes  imponible  lose — ^29.922  hg.  inehee  equals  perfect  vacuum. 

4.  The  Use  and  Abuse  of  Vacuum  Hose. — Much  has  been  said  as  to  the  use  and  abuse  of 
the  vacuum  hose  iised  in  connection  with  an  air  cleaning  sjrstcm.  This  particular  part  of  the 
installation  receives  the  hardest  wear  and  tear.  At  the  same  time  it  is  the  weakest,  and  the 
most  expensive  part  of  the  installation. 

For  the  above  reason  architects  and  engineers  should  impress  upon  the  minds  of  owners 
and  building  managers  the  importance  of  careful  attention  to  this  part  of  the  system. 

In  order  to  reduce  the  amount  of  vacuum  hose  necessary,  the  piptnc  system  should  be  more  extensive;  that  is, 
provided  with  a  greater  number  of  risers  and  inlets  throughout  the  building  than  has  been  the  custom  in  specifications 
of  the  past. 

Therefore,  architects  and  engineen  should  specify  a  piping  system  consisting  of  a  sufficient  number  of  risers  and 
nlets,  so  that  the  system  will  not  require  the  use  of  more  than  60  ft.  of  vacuum  hose  in  public  buildings  and  25  ft. 
n  residenoes;  thus  giving  better  service  at  less  cost  of  maintenance. 

6.  Velocity  Table. — ^The  table  of  velocities  accompanying  this  article  is  tabulated  for  a  wide 
range  of  volume,  in  order  to  be  of  value  for  any  size  of  machine,  ranging  from  that  used  in  the 
modem  home  to  the  machine  designed  for  service  in  large  buildings. 

The  actual  internal  crossHsectional  area  of  wrought-iron  pipe  is  used  in  the  calculation  of 
the  table,  so  as  to  conform  exactly  with  conditions  as  found  in  practice.  The  values  given  in 
the  table  are  iised  with  Weisbach's  common  formula  in  the  calculation  of  the  table  for  loss  in 
vacuum.    The  velocities  for  air  in  standard  vacuum  hose  have  also  been  tabulated. 
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[Sac  14*5 


Vbloctpt  of 

AlB  ] 

[N 

FSST  PER  MlNUTB 

IN  STAlfDABO  WbODGBT-IBON  PiFB 

DU.  in  inches 

1 

iH 

IH 

2 

2H 

8 

3H 

4 

4H 

5 

6 

40 

■ 

6660 

8850 

284C 

)       1720 

1200 

777 

582 

60 

10000 

6772 

4251 

\        2575 

1807 

1170 

873 

80 

13330 

7603 

5674 

\       3433 

2409 

1554 

1164 

100 

16660 

0616 

700S 

\       4201 

8012 

1949 

1456 

1131 

120 

20000   1 

.1540 

851S 

\       5152 

3614 

2839 

1747 

1357 

1083 

160 

1 

15380 

1135( 

)        6866 

4820 

8118 

2329 

1810 

1444 

1152 

180 

] 

7320 

1276! 

\       7725 

5423 

3509 

2620 

2036 

1625 

1296 

1 

300 

3 

[0220 

14181 

I       8582 

6025 

8809 

2011 

2263 

1805 

1441 

240 

1702( 

>   10300 

7232 

4678 

3495 

2715 

2166 

1736 

1196 

•i 

300 

2188( 

)   12870 

9041 

5847 

4366 

3393 

2707 

2160 

1496 

820 

13730 

9642 

6236 

4660 

8621 

2889 

2306 

1595 

360 

15450 

10040 

7010 

5242 

4072 

3248 

2504 

1795 

•3 

400 

17160 

12060 

7796 

5822 

4525 

3610 

2881 

1994 

420 

18030 

12650 

8188 

6114 

4752 

8791 

3025 

2002 

1 

480 

20590 

14450 

9367 

6990 

5429 

4331 

3472 

2392 

600 

15060 

9745 

7277 

5655 

4512 

3602 

2493 

1 

600 

18070 

11690 

8733 

6786 

6422 

4323 

2991 

700 

21080 

13640 

10180 

7917 

6315 

5043 

34S9 

800 

15590 

11640 

9049 

7220 

5763 

3988 

900 

I 

17540 

13080 

10180 

8122 

6483 

4485 

1000 

19490 

14540 

11310 

9025 

7204 

49S4 

1100 

16010 

12440 

9930 

7920 

5492 

1200 

17470 

13570 

10830 

8640 

5982 

1800 

" 

18920 

14700 

11740 

9360 

6480 

1400 



20360 

15840 

12630 

10000 

6979 

1500 

21830 

16970 

13540 

10810 

7477 

Velocitt  of  Air  in  Fbxt  per  Minittb  in  Standard  Vacuxtm  Hobb 


Difl 
in 

i.  of  hose 
1  inches 

H 

1 

IK 

IH 

IH 

2 

2H 

2H 

10 

3268 

1835 

1173 

816 

602 

458 

362 

294 

20 

6536 

8669 

2346 

1631 

1205 

915 

725 

588 

3 

30 

9804 

5504 

3519 

2447 

1807 

1373 

1087 

882 

a 
1 

40 

13070 

7339 

4692 

3262 

2410 

1831 

1449 

1176 

50 

16340 

9174 

5865 

4078 

3012 

2288 

1811 

1470 

i 

60 

19610 

11010 

7038 

4894 

8014 

2746 

2174 

1764 

•3 

70 

22880 

12840 

8211 

5709 

4217 

3204 

2536 

2058 

80 

26140 

14680 

0384 

6525 

4819 

3661 

2898 

2352 

o 

00 

29412 

16510 

10560 

7340 

5422 

4119 

3261 

2646 

1 

100 

32680 

18350 

11730 

8156 

6024 

4677 

3623 

2940 

110 

20180 

12900 

8972 

0626 

5035 

3985 

3234 

U3 

9 

120 

22020 

14080 

9787 

7229 

5492 

4348 

3528 

o 

130 

23850 

15250 

10600 

7831 

5950 

4710 

3822 

140 

25690 

16420 

11420 

8434 

6408 

5072 

4116 

150 

27520 

17500 

12230 

9036 

6865 

5434 

4410 

APPENDIX  A 

OBNBRAL  NOTATION 

For  all  mftteriftl*  except  reinforced  .eonorete: 

/  -i  unit  fiber  etreee. 

9  «  tttait  sheftrinc  etrees  (horizontal  or  yertieal). 

V  «  total  shear. 

e  a  distance  from  neutral  axis  to  extreme  fiber. 

h  ■■  breadth  of  rectangular  section. 

d  ■■  depth  of  section. 

A  —  area  of  section. 

J  •  moment  of  inertia. 

r  "  radius  of  syration. 

8  -■  section  modulus. 

M  ■■  bending  moment  or  resisting  moment. 

I    "  span  or  length. 

L  "»  span  or  length. 
F  or  P  —  concentrated  load  or  total  stress  in  a  member. 

w  «  uniformly  distributed  load  per  unit  of  length. 

TV  i*  total  uniformly  distributed  load. 

B  «  reaotions  at  supports  or  resultant  of  forces. 

B  "  modulus  of  elasticity. 

A  «•  total  deformation  or  mayimum  deflection  of  beams. 

a  »  unit  deformation. 

e  »  eccentricity. 
For  reinforced  concrete: 

(a)  Rectangular  Beams 

A  ••  tensile*  unit  stress  in  steeL 
/•  *  compreesiTe  unit  stress  in  conorete. 
Sm  ■■  modulus  of  elasticity  of  steeL 
St  "■  modulus  of  dasticity  of  concrete. 

M  "  moment  of  resistance,  or  bending  moment  in  general. 

Am  "■  Steel  area. 
5  "i  breadth  of  beam. 
d  «  depth  of  beam  to  center  of  steeL 
k  «  ratio  of  depth  of  neutral  axis  to  depth,  d. 
a  ■■  depth  below  top  to  resultant  of  the  compreesive 
j  ■■  ratio  of  lever  arm  of  resisting  couple  to  depth,  d. 

id  »  d  ~  «  »  arm  of  resisting  couple. 

p  ■■  steel  ratio  —  r^. 

(b)  T-beams 

b  "i  width  of  flange. 
6'  «  width  of  stem. 
<  »  thicknees  of  flange. 

(c)  Beams  Reinforced  for  Compreasion 

A*  >«  area  of  compressive  steel. 

p'  «  steel  ratio  for  compressive  steeL 
//  «•  cooipreesive  unit  stress  in  steeL 

C  «•  total  oomprtesive  stress  in  eonerete. 
C  ■•  total  compressive  stress  in  steeL 
df  «  depth  of  center  of  compressive  steeL 

r  i-  depth  to  resultant  of  C  and  C\ 
(<0  Shear,  Bond  and  Web  Reinforcement 

V  «  total  shear. 
F'  —  total  shear  producing  stress  in  reinforcement. 

9  *  shearing  unit  stress. 

tt  «  bond  stress  per  unit  area  of  bar. 

o  *  circumference  or  perimeter  of  bar. 
Zo  ■■  sum  of  the  perimeters  of  all  bars. 

T  ■■  total  stress  in  single  reinforcing  member. 

a  »  horisontal  spacing  of  reinforcing  membets. 
(e)  Columns 

A  «  total  net  area. 
At  «•  area  of  longitudinal  steel. 
At  *  area  of  concrete. 

P  m  total  safe  load. 
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APPENDIX  B 
STAimARD  SPECIFICATIONS  FOR  PORTLAND  CEMENT^ 

These  speoificationa  are  the  result  of  sevezal  years'  work  of  a  apeoial  committee  representing  a  United  States 
Government  Departmental  Committee,  the  Board  of  Direction  of  the  American  Society  of  Civil  Engineers,  and 
Committee  C-1  on  Cement  of  the  American  Society  for  Testing  Materiab  in  ooopeimtion  with  Committee  C-1. 

1.  Definition. — Portland  cement  is  the  product  obtained  by  finely  pulverising  cUnker  produced  by  ralcining 
to  incipient  fusion,  an  intimate  and  properly  proportioned  mixture  of  argillaoeous  and  calcareous  materiab,  with  no 
additions  subsequent  to  calcination  excepting  water  and  calcined  or  uncaldned  gypsum. 

I.    CrSMZCAL  PBOPBBTXna 

2.  Chemical  Limits. — The  following  limito  shall  not  be  exceed^ : 

Loes  on  ignition,  % 4. 00 

Insoluble  residue.  % 0.86 

Sulphuric  anhydride  (SOi),  % 2.00 

Magnesia  (MgO),  % 5.00 

II.  Prtbical  Pbopkbtdbs 

3.  Specific  Gravity. — The  specific  gravity  of  cement  shall  be  not  less  than  3. 10  (3.07  for  white  Portland  cement). 
Should  the  test  of  cement  as  received  fall  below  this  requirement  a  second  test  may  be  made  upon  an  ignited  sample. 
The  specific  gravity  test  will  not  be  made  unless  specifically  ordered. 

4.  Fineness. — The  residue  on  a  standard  No.  200  sieve  shall  not  exceed  22  %  by  weight. 

6.  Soundness. — A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show  no  signs  of  distortion,  cracking, 
ehecking,  or  disintegration  in  the  steam  test  for  soundness. 

6.  Time  of  Setting. — The  cement  shall  not  develop  initial  set  in  less  than  45  min.  when  the  Vicat  needle  is  used 
or  00  min.  when  the  Qillmore  needle  is  used.     Final  set  shall  be  attained  within  10  hr. 

7.  Tensile  Strength. — The  average  tensile  strength  in  pounds  per  square  inch  of  not  leks  than  three  standard 
mortar  briquettes  composed  of  1  part  cement  and  3  parts  standard  sand,  by  weight,  shall  be  equal  to  or  higher  than 
the  following: 


Age  at  test, 
days 


Storage  of  briquettes 


Tensile  strength, 
lb,  per  sq.  in. 


7 

28 


1  day  in  moist  air,  6  days  in  water  j 
1  day  in  moist  air,  27  days  in  water  j 


200 
300 


8.  The  average  tensile  strength  of  standard  mortar  at  28  days  shall  be  higher  than  the  strength  at  7  days 

III.    PaCKAOBS,    MABKINa    AND    StOBAOE 

9.  Packages  and  Marking. — The  cement  shaU  be  delivered  in  suitable  bags  or  barrels  with  the  brand  and 
name  of  the  manufacturer  plainly  marked  thereon,  unless  shipped  in  bulk.  A  bag  shall  contain  04  lb.  net.  A  barrel 
shall  contain  376  lb.  net. 

10.  Storage. — The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection  and 
identification  of  each  shipment,  and  in  a  suitable  weather-tight  building  which  will  protect  the  cement  from  damp- 
ness. 

IV.  Inspbctzon 

11.  Inspection. — Every  facility  shall  be  provided  the  purchaser  for  careful  sampling  and  inspeetion  at  either 
the  mill  or  at  the  site  of  the  work,  as  may  be  specified  by  the  purchaser.  At  least  10  days  from  the  time  of  sampling 
shall  be  allowed  for  the  completion  of  the  7-day  test,  and  at  least  31  days  shall  be  allowed  for  the  completion  of 
the  28-day  test.  The  cement  shall  be  tested  in  accordance  with  the  methods  hereinafter  prescribed.  The  28-day 
test  shall  be  waived  only  when  specifically  so  ordered. 

V.  Rbjkction 

12.  Rejection.— The  cement  may  be  rejected  if  it  fails  to  meet  any  of  the  requirements  of  these  specifications. 

13.  Cement  shall  not  be  rejected  on  account  of  failure  to  meet  the  fineness  requirement  if  upon  retest  after 
drying  at  100  deg.  C.  for  1  hr.  it  meets  this  requirement. 

14.  Cement  failing  to  meet  the  test  for  soundness  in  steam  may  be  accepted  if  it  passes  a  retest  uring  a  new 
sample  at  any  time  within  28  days  thereafter. 

15.  Packages  varying  more  than  5%  from  the  specified  weight  may  be  rejected:  and  if  the  average  weight  of 
packages  in  any  shipment,  as  shown  by  weighing  50  packages  taken  at  random,  is  less  than  that  specified,  the  entire 
shipment  may  be  rejeoted. 

1  These  specifications  were  adopted  by  letter  ballot  of  the  American  Society  for  Testing  Materials  on  Sept.  1. 
1016,  and  became  effective  Jan.  1, 1917. 
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APPENDIX  C 
SPECIFICATIONS  FOR  STRUCTURAX  STEEL  FOR  BUILDINGS 

(American  Society  for  Testing  Materials) 

I.    MAVTTVAOTUBa 

1.  ProeeM.-^(a)  Stmetural  Bted,  ezcei>t  w  noted  in  Paragraph  (b),  may  be  made  by  the  Beaaemtfr  or  the  open- 
hearth  prooeaa. 

(b)  RiTet  steel,  and  ateel  for  platee  or  angles  orer  ^  in.  in  thicknees  whieh  are  to  be  punched,  shall  be  made 
by  the  open-hearth  prooess. 

II.    ChKKZCAL  PBOPXBTiaS   AlfD   TsSTS 

2.  Chtmieal  ComponUtmK — The  steel  shall  oonfonn  to  the  following  requirements  as  to  chemieal   composition: 

Structural  Steel  Rivet  Steel 

p.       ,  f  Bessemer not  over  0.10% 

\  Open-hearth not  over  0.06% not  over  0.06% 

Sulfur not  over  0.046% 

3.  Ladle  AnalyeM. — An  analysis  of  each  melt  of  steel  shaU  be  made  by  the  manufacturer  to  determine  the 
percentages  of  carbon,  manganese,  phosphorus  and  sulfur.  This  analysis  shall  be  made  from  a  test  ingot  taken 
during  the  pouring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified  in  Section  2. 

4.  Cheek  Analyeee. — Analyses  may  be  made  by  the  purchaser  from  finished  material  representing  each  melt. 
The  phoaphorus  and  sulfur  content  thus  determined  shall  not  exceed  that  specified  in  Section  2  by  more  than  25 
per  cent. 

III.  Physical  Pbopbbtxxs  axd  Tbsts 

5.  Teneicn  Tette. — (a)  T^e  material  shall  conform  to  the  following  requirements  as  to  tensile  properties: 


Properties  considered 

1 
Structural  steel                   Rivet  steel 

Tensile  strength,  lb.  pf^r  so.  i"              

56.000-65,000 

0.5  tens.  str. 
1,400.000* 

Tens.  str. 
22 

46.000-66,000 
0.5  tens.  str. 
1,400,000 
Tens.  str. 

Yield  point,  min.,  lb.  per  sq.  in 

EHonoation  in  8  in.,  min.,  per  cent 

Elongation  in  2  in.,  min.,  per  cent 

*See  Sect  6. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  ModifieoUone  in  BUmgatum, — (a)  For  stmetural  steel  over  H  ii^-  in  thickness,  a  deduction  of  1  from  the 
percentage  of  elongation  in  8  in.  specified  in  Section  5(a)- shall  be  made  for  each  increase  of  H  in.  in  thickness 
above  ^  in.,  to  a  minimum  of  18  per  cent. 

(6)  For  structural  steel  under  Me  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of  elongation  in  8  in. 
specified  in  Section  5(a)  shall  be  made  for  each  decrease  of  Ke  in.  in  thickness  below  Me  in. 

7.  Bend  Teete. — (a)  The  test  specimen  for  x^tes,  shapes  and  bars,  except  as  specified  in  Paragraphs  (b)  and 
(e),  shall  bend  cold  through  180  deg.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material 
^  in.  or  under  in  thickness,  flat  on  itself;  for  material  over  ^  in.  to  and  including  lyi  in.  in  thickness,  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  lyi  in.  in  thickness,  around 
a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

(b)  The  test  specimen  for  pins,  rollerB  and  other  bars,  when  prepared  as  specified  in  Section  8  (e),  shall  bend 
cold  through  180  deg.  around  a  1-in.  |»n  without  cracking  on  the  outside  of  the  bent  xwrtion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without  cracking  on  the  out- 
side of  the  bent  portion* 

8.  Teei  Spedmene. — (a)  Tension  and  bend  test  specimens  shall  be  taken  from  rolled  steel  in  the  condition  in 
which  it  comes  from- the  rolls,  except  as  specified  in  Paragraph  (b). 

1  Until  otherwise  ordered  by  the  Society,  the  rejection  limits  for  sulfur  in  all  steels  and  for  phosphorus  in  acid 
steels  shall  be  raised  0.01  %  above  the  values  given  in  these  specifications. 
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(jb)  Tension  and  bend  test  spedmsns  for  pins  and  rollers  shall  be  taken  from  the  finished  bers,  after  annealins 
when  annealing  is  specified. 

(e)  Tension  and  bend  test  specimens' for  plates,  shapes,  and  bars,  except  as  specified  in  Paragraphs  ((f) ,  (•),  and 
(/),  shall  be  of  the  fxill  thickness  of  material  as  rolled;  and  may  be  machined  to  the  form  and  dimeneione  shown  in 
Fig.  1,  or  with  both  edges  parallel. 

(d)  Tension  and  bend  test  specimens  for  plates  orw  l}^  in.  in  thickness  may  be  machined  to  a  thicknees  or 
diameter  of  at  least  H  in.  for  a  length  of  at  least  0  in. 

(•)  Tension  test  specimens  for  pins,  rollers  and  bars  over  iyiin.iii  thickness  or  diameter  may  conform  to  the 
dimensions  shown  In  Fig.  2.  In  this  case*  the  ends  shall  be  of  a  form  to  fit  the  holders  of  the  testing  machine  in 
such  a  way  that  the  load  shall  be  axial.  Bend  test  specimens  may  be  1  by  H  ii>>  in  section.  The  aads  of  the 
specimen  shall  be  located  at  any  point  midway  between  the  center  and  surface  and  shall  be  parallel  to  the  axis 
of  the  bar. 

(/)  Tension  and  bend  test  specimens  for  rivet  steel  shall  be  of  the  f ull-eise  section  of  bars  as  rolled. 

9.  Numb€r  of  TttU. — (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt:  except  that  if  material 
from  one  melt  differs  H  in.  or  more  in  thickness,  one  tension  and  one  bend  test  shall  be  made  from  both  the  thickest 
and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  discarded  and  another  speoiinen 
substituted. 

ifi)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that  specified  in  Section  6  (a)  and 
any  part  of  the  fracture  is  more  than  ^  in.  from  the  center  of  the  gage  length  of  a  24n.  specimen  or  is  outside  th« 
middle  third  of  the  gage  length  of  an  8-in.  specimen,  as  indicated  by  scribe  scratches  marked  on  the  specimen 
before  testing,  a  retest  shall  be  allowed. 


i^Abou^r 


^P&l^ 


\^fv.^ifi^ 


About 


I 


Fxo.  1. 


fhtrt 


f'Gogaknsith 


Nat9>'  Vm gag9hngHt,  paf\Mhfporfiana  andfiikfB  shaO 
bt  cm  fhomn  iiUffmtncb mqyAtofar^ /brm  whidt wiff  firf 

Fig.  2. 


IV.  PumssiBLB  Vabzations  in  WaioHTs  AKn  Thicxiybss 

10.  P^rmiuibiU  Variaiion: — The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vary  more  than  2.5 
per  cent,  from  that  specified;  except  in  the  ease  of  sheared  plateSt  which  shall  be  covered  by  the  following 
permissible  variations.    One  cubic  inch  of  rolled  steel  is  assumed  to  weight  0.2833  lb. 

(a)  When  Ordtrtd  to  Wnght  per  Square  Foot:  The  weight  of  each  lot*  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amount  given  in  Table  I. 

(b)  When  Ordered  to  Thiekneee:  The  thickness  of  each  plate  shall  not  vary  more  than  0.01  in.  under  that  ordered. 
Thb  overweight  of  each  lot*  in  each  shipment  shall  not  exceed  the  amount  given  in  Table  II. 

V.   FlKJSB 

11.  Finieh. — The  finished  material  shall  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

VI.  Mabxhto 

12.  Marking. — The  name  or  brand  of  the  manufacturer  and  the  melt  number  shall  be  legibly  8tamx>ed  or  rolled 
on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections  shall,  when  loaded  for  shipment, 
be  properly  separated  and  marked  for  identification.  The  identification  marks  shall  be  legibly  stamped  on  the  end 
of  each  pin  and  roller.     The  melt  number  shall  be  legibly  marked,  by  stamping  if  pradicable,  on  each  test  specimen. 


VII.  Iirspscnoir  akd  Rbjsctton 

18.  Inepeetion, — The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times  while  work  on  the 
contract  of  the  purchaser  is  being  performed,  to  all  parts  <rf  the  manufaoturers'  works  which  concern  the  manufac- 
ture of  tke  material  ordered.  The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable  facilities 
to  satisfy  him  that  the  material  is  being  furnished  in  accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified, 
and  shall  be  so  conducted  as  not  to  interfere  unneooossarily  with  the  operation  of  the  works. 

>  The  term  "  lot "  applied  to  Table  I  means  all  the  plates  of  each  group  width  and  group  weight. 

*  The  term  "lot"  applied  to  Table  II  means  all  the  plates  of  each  group  width  and  group  thiokaess. 
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14.  lU^^ethh, — (a)  Unlets  othsrwlM  specified,  any  rejeoiien  based  on  tests  made  in  accordance  with  Section  4 
shall  be  reported  within  five  working  days  from  the  receipt  of  samples. 

(h)  Material  which  shows  injurious  defects  subsequent  to  its  acceptance  at  the  manufacturer's  works  will  be 
reieoted,  and  the  manufacturer  shall  be  notified. 

15.  RehearinQ. — Samples  tested  in  accordance  with  Section  4,  which  represent  rejected  material,  shall  be 
preeerred  for  two  weeks  from  the  date  of  the  test  report  In  case  of  dissatisfaction  with  the  results  of  the  tests, 
the  manufacturer  may  make  daim  for  a  rehearing  within  that  time. 


Table  I 

. — PsBMiasiBiJi  Variations  on  Plates  Obdbbed 

TO 

Weight 

Permissible  variations  in  average  weights  per  square  foot  of  plates 
for  widths  given,  ezpressed  in  percentages  d  ordered  weights 

Under 

48  to 

60  to 

72  to 

84  to 

06  to 

108  to 

120  to 

132  in. 

Ordered  weight 

48  in. 

60  in., 

72  in., 

84  in.. 

96  in.. 

106  in.. 

120  in.. 

182  in., 

or 

Ordered  weight 

ab.  per  sq.  ft) 

ezd. 

ezd. 

ezd. 

ezd. 

ezd. 

ezd. 

ezd. 

over 

Gb  per  sq.  ft.) 

1 

h 
1 

a 
P 

1 

1 

a 
P 

1 

1 

1 

P 

1 

1 

O 

1 

P 

1 
O 

p 

1 

t 

1 

O 

1 

p 

Under  & 

5.0 

3.0 

5.5 

3.0 

6.0 

3.0 

7.0 

3.0 

... 

• .  • 

•  «  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•    •  • 

•  •  • 

•  •  • 

Under  5 

6  to  7.5  ezd 

4.5 

3.0 

5.0 

3.0 

5.5 

3.0 

6.0 

3.0 

• .  • 

•  • . 

•  •  • 

■  «  • 

•  •  • 

•  •  • 

■  •  • 

■   •  • 

•  •  • 

•  *  • 

5  to  7.5  ezd. 

7.5  to  10  ezd 

4.0 

3.0 

4.5 

3.0 

5.0 

8.0 

5.5 

8.0 

6.0 

3.0 

7.0 

3.0 

8.0 

8.0 

•  •  • 

•   •   • 

•  t  « 

*  «  • 

7.5  to  10  ezd. 

10  to  12.5  ezd.... 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

5.5 

8.0 

6.0 

3.0 

7.0 

3.0 

8.0 

8 

0.0 

3 

10  to  12.5  ezd. 

12.5  to  15  ezd.... 

3.0 

2.5 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

8.0 

5.5 

3.0 

6.0 

3.0 

7.0 

8 

8.0 

8 

12.5  to  15  ezd. 

15  to  17.5  ezd 

2.5 

2.5 

3.0 

2.5 

3.5 

2.5 

4.0 

3.0 

4.5 

3.0 

5.0 

3.0 

5.5 

8.0 

6.0 

8 

7.0 

8 

15  to  17.5  ezd. 

17.5  to  20  ezd.... 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

2.5 

4.0 

8.0 

4.5 

3.0 

5.0 

3.0 

5.5 

3 

6.0 

8 

17.5  to  20  ezd 

20  to  25  ezd 

2.0 

2.0 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

2.5 

4.0 

8.0 

4.5 

3.0 

5.0 

8 

5.5 

8 

20  to  26  ezd. 

25  to  30  ezd 

2.0 

2.0 

2.0 

2.0 

2  5 

2.0 

2.5 

2.5 

3.0 

2.5 

8.5 

3.0 

4.0 

3.0 

4.5 

8 

5.0 

8 

25  to  30  ezd. 

30  to  40  ezd 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

8.5 

3.0 

4.0 

3 

4.5 

3 

30  to  40  ezd. 

40  or  over 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.5 

2.0 

2.5 

2.5 

3.0 

2.5 

3.5 

8 

4.0 

3 

40  or  over. 

NoTB. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered  wdght  by  more  than 
IH  times  tne  amount  given  in  Uiis  table. 


Table  II. — Permissible  Overweiohtb  or  Plates  Ordered  to  Thickness 


Ordered 

thicknesi 

(inches) 


Permissible  ez 
for  widths  given, 


in 


weights  per  square  foot  of  plates 
in  percentages  of  nominal  weights 


Under 
48  in. 


48  to 

60  in.. 

ezd. 


60  to 

72  in., 

ezd. 


72  to 

84  in., 

ezd. 


84  to 

96  in.. 

ezd. 


96  to 

108  in.. 

ezd. 


108  to 

120  in., 

ezd.  ' 


120  to 

132  in., 

ezcL 


182  in. 

or 

over 


Ordered 

thickness 

(inches) 


Under  H 

H  to  He  ezd 
Ks  to  K  exd 
K  to  Ms  cxd 
Ks  to  H  exd 
H  to  He  ezd 
Ks  to  H  ezd 
H  to  K  ezd. 
MtoKezd. 
K  tolezd.. 
1  or  over 


9.0 

10.0 

12.0 

14.0 

•  ■  «  • 

•  •  •  • 

•  • 

•  • 

•  • 

8.0 

9.0 

10.0 

12.0 

•   ■   •  • 

•  • 

«  • 

•  ■ 

•    V 

7.0 

8.0 

9.0 

10.0 

12.0 

•  • 

•   m 

•    V 

•   • 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

14 

16 

19 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12 

14 

17 

4.5 

5.0 

6.0 

7.0 

8.0 

0.0 

10 

12 

15 

4.0 

4.5 

5.0 

6.0 

7.0 

8.0 

0 

10 

18 

3.5 

4.0 

4.0 

5.0 

6.0 

7.0 

8 

0 

11 

3.0 

8.5 

4.0 

4.5 

5.0 

6.0 

7 

8 

0 

2.5 

8.0 

8.5 

4.0 

4.5 

5.0 

6 

7 

8 

2.5 

2.5 

8.0 

8.5 

4.0 

4.5 

5 

6 

7 

Under  H 
H  to  Ms  excl. 
He  to  K  ezd. 
H  to  Me  ezd. 
Ms  to  H  ezd. 
H  to  He  ezd. 
Hs  to  M  ezd. 
H  to  K  ezd. 
HtoH  ezcL 
M  to  1  ezd. 
1  or  over 
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MANUFACTURERS'  STANDARD   SPECIFICATIONS  FOR  CONCRETE  REINFORCE- 
MENT BARS  ROLLED  FROM  BILLETS 

1.  Manufacturt. — Steel  may  be  made  by  either  the  open-hearth  or  Besaemer  prooeaa.  Bara  ahall  be  rolled 
from  atandard  new  billeta. 

2.  Cfumieol  and  Physical  Properties. — The  chemical  and  phyaical  propertiea  shall  conform  to  the  limita  aa 
ahown  in  the  table  on  thia  page. 

3.  Chemical  Determinations. — In  order  to  determine  if  the  material  conforms  to  the  chemical  limitationa  pre- 
aoribed  in  paragraph  2  herein,  analysis  shall  be  made  by  the  manufacturer  from  a  teat  ingot  taken  at  the  time  of  the 
pouring  of  each  melt  or  blow  of  steel,  and  a  correct  copy  of  auch  analysis  shall  be  furnished  to  the  engineer  or  hia 
inspector. 

4.  Yidd  Point. — For  the  purposes  of  these  specifications,  the  yield  point  shall  be  determined  by  careful  observa- 
tion of  the  drop  of  the  beam  of  the  testing  machine,  or  by  other  equally  accurate  method. 

5.  Form  of  Specimens. — (a)  Tensile  and  bending  teat  specimens  may  be  cut  from  the  bars  aa  rolled,  but  tcnailo 
and  bending  teat  specimens  of  deformed  bars  may  be  planed  or  turned  for  a  length  of  at  least  9  in.  if  deemed  uecea- 
aary  by  the  manufacturer  in  order  to  obtain  uniform  croea  section. 

(6)  TenaOe  and  bending  teat  specimens  of  cold-twisted  bars  shall  be  cut  from  the  bars  after  twisting,  and  shall 
be  teated  in  full  mie  without  further  treatment,  unless  otherwise  specified  as  in  (e),  in  which  case  the  conditions 
thereon  stipulated  shall    govern. 

(e)  If  it  is  desired  that  the  testing  and  acceptance  for  cold-twisted  bars  be  made  upon  the  hot^rolled  bars 
before  being  twisted,  the  hot-rolled  bars  shall  meet  the  requirements  of  the  atructural-steel  grade  for  plain  bars 
shown  in  this  specification. 


Properties  considered 

Structural-eteel 
grade 

Intermediate  grade 

Hard  grade 

Cold- 
twirited 
bara 

Phiin 
bars 

Deformed 
bara 

Plain 
bara 

Deformed 
bars 

Plain 
bars 

Deformed 
bars 

Phoaphorua   maximum :    Bessemer 
Ooen-hearth 

0,10 
0.06 

55/70.000 

33.000 
1,400.000 

0.10 
0.06 

56/70,000 

33.000 
1,250,000 

0.10 
0.06 

70/85,000 

40.000 
1.300.000 

0.10 
O.OG 

70/85,000 

40.000 
1.125.000 

0  10 
0.06 

80.0CO 

mil 

50.000 
1.200.000 

0.10 
0.06 

80,000 
min. 

50.000 
1,000.000 

0.10 
0.06 

Recorded 
only 

55.000 

5% 

180  deg. 

d  -  2t 

180  deg. 

d  -  3t 

Ultimate  tenaile  atrength.  lb.  per 
sq.  in , 

Yield  point,  minimum,  lb.  i>er  aq.  in. 

Elongation,  %  in  8-in.  minimum. . . 

Cold  bend  without  fracture:    Bare 
under  ^-in.  diameter  or  thickneas. . 
Bara  M'Ui.  diameter  or  thickness 
and  over. 

Tens.  str. 

180  deg. 

d  -  It 

180  deg. 

d  -  It 

deawiUbe 

Tena.  etr. 

180  deg. 

d  -  2t 
180  deg. 

d  -  2( 
uaed  only 

Tena.  atr. 

180  deg. 
d  -  2< 

00  deg. 

d  -  2t 
when  spec 

Tens.  str. 

180  deg. 
d  -  » 

90  deg. 

d-  3( 
ified. 

Tens.  atr. 

18a  deg. 
d  -  3< 
90  deg. 
d  «  3f 

Tena.  atr. 

180  deg. 
d  -  4t 

90  deg. 

d  -  4t 

The  intermediate  and  hard  gra 

i- 

6.  Number  of  Tests. — (a)  At  leaat  one  tenaile  and  one  bending  teat  ahall  be  made  from  each  melt  of  open-hearth 
■teel  rolled,  and  from  each  blow  or  lot  of  10  tona  of  Besaemer  ateel  rolled.  In  oaae  bara  differing  H  ui*  And  more  in 
diameter  or  thickneaa  are  rolled  from  one  melt  or  blow,  a  test  ahall  be  made  from  the  thioknest  and  thinnest  material 
rolled.  Should  either  of  these  test  specimens  develop  flaws,  or  should  the  tenaile  teat  apecimen  break  outside  of 
the  middle  third  of  ita  gaged  strength,  it  may  be  discarded  and  another  teat  apecimen  aubatituted  therefctf.  In 
oaae  a  tenaile  teat  apecimen  doea  not  meet  the  specifications,  an  additional  test  may  be  made. 

(6)  The  bending  teat  may  be  made  by  presaure  or  by  light  blowa. 
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7.  Modifieationa  in  Elonffation  for  Thin  and  Thick  Material. — For  bars  less  than  ^e  in.  and  more  than  ^  in. 
nominal  diameter  or  thickness,  the  following  modifications  shall  be  made  in  the  requirements  for  elongation. 

(a)  For  each  increase  of  H  in-  in  diameter  er  thickness  above  ^  in.  a  deduction  of  1  shall  be  made  from  the 
specified  percentage  of  elongation. 

{h)  For  each  decrease  of  He  in.  in  diameter  or  thickness  below  He  in.  a  deduction  of  1  shaU  be  made  from  the 
specified  percentage  of  elongation. 

(e)  The  above  modifications  in  elongation  shall  not  apply  to  cold-twisted  bars. 

8.  Number  of  TwisU. — Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  length  equal  to  not 
more  than  12  times  the  thickness  of  the  bar.  * 

9.  Finish. — Material  must  be  free  from  injurious  seams,  flaws,  or  cracks,  and  have  a  workmanlike  finish. 

10.  Variation  in  Weight. — Bars  for  reinforcement  are  subject  to  rejection  if  the  actual  weight  of  any  lot  varies 
more  than  5  %  over  or  under  the  theoretical  weight  of  that  lot. 

STANDARD  SPECIFICATIONS  FOR  SaLET-STEEL  CONCRETE 

REINFORCEMENT  BARS 

(American  Society  for  Testing  Materials) 

1.  (a)  These  specifications  cover  three  classes  of  billet-steel  concrete  reinforcement  bars,  namely:  plain, 
deformed,  and  cold-twisted. 

(b)  Plain  and  deformed  bars  are  of  three  grades,  namely;  structural-steel,  intermediate,  and  hard. 

2.  (a)  The  structural-steel  grade  shall  be  used  unless  otherwise  specified. 

(6)  If  desired,  cold-twisted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars  before  twisting 
in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  specified  for  plain  bars  of  structura, 
steel  grade. 

3.  Manufacture. — (a)  The  steel  may  be  made  by  the  Bessemer  or  open-hearth  process, 
(b)  The  bars  shall  be  rolled  from  new  billets.     No  re-rolled  material  will  be  accepted. 

4.  Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a  length  not  over  12  times  the  thickness  of 
the  bar. 

5.  Chemical  Propertiea  and  Tettt. — The  steel  shall  conform  to  the  following  requirements  as  to  chemical  com- 
poflition: 

Phosphorus,  Bessemer not  over  0. 10 % 

Open-hearth not  over  0.05% 

6.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine  the  percentages  of  car- 
bon, manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made  from  a  test  ingot  taken  during  the  pouring 
of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the  purchaser  or  his  representative, 
and  shall  conform  to  the  requirements  specified  in  Sect.  5. 

7.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing  each  melt  of  open-hearth  steel, 
and  each  melt,  or  lot  of  10  tons,  of  Bessemer  steel.  The  phosphorus  content  thus  determined  shall  not  exceed  that 
specified  in  Sect.  5  by  more  than  25%. 

8.  Phyeieal  Propertiea  and  Teala. — (a)  The  ban  shall  conform  to  the  following  requirements  as  to  tenaile 
properties: 


Properties  considered 

Plain  bars 

Deformed  bars 

Cold- 
twisted 
bars 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Tensile  strength,  lb.  per  sq. 
in. 

Yield  point,  min.,  lb.  per  sq. 
in. 

Elongation  in  8  in.  min.  %  ^ 

55,000 

to 
70,000 
33,000 

1,400,000 

70,000 

to 
85,000 
40,000 

1,300.000 

80,000 
min. 

50,000 

1,200,000 

55,000 

to 
70,000 
33,000 

1,250,000 

70,000 

to 
85,000 
40,000 

1.125.000 

80.000 
min. 

50.000 

1.000,000 

Recorded 
only 

55,000 
5 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

>  See  Sect.  "9. 

(b)  The  yield  point  shaU  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

9.  (a)  For  plain  and  deformed  bars  over  ^  in.  in  thickness  or  diameter,  a  deduction  of  1  from  the  percent- 
ages of  elongation  specified  in  Sect.  8(a)  shall  be  made  for  each  increase  of  H  in-  in  thickness  or  diameter  above- 
Hin. 
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(6)  For  i>Uin  M&d  deformed  b«n  under  He  i&<  in  thiokneee  or  diameter,  a  deduotion  ol  1  from  the  peroentagea 
of  elongation  specified  in  Sect.  8(a)  ehall  be  made  for  each  decreaee  of  He  in.  in  thiokneee  or  diameter  below  He  in- 

10.  The  teat  specimen  shall  bend  cold  around  a  pin  without  oraoldng  on  the  outside  ol  the  bent  portion*  aa 
follows: 


Thickneas  or  diameter  of 
bar 

Plain  ban 

Deformed  ban 

Cold- 
twisted 
ban 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Under  Ji  in 

180  deg. 

d  -  ( 
180  deg. 

d  -  ( 

180  deg. 

d  -  21 
90  deg. 

d  -  2i 

180  deg. 
d  -  3< 
90  deg. 
d  -  3t 

180  deg. 

d  -  ( 

180  deg. 

d  -  21 

180  deg. 
d  -  3( 
OOdeg. 
d-  3f 

180  deg. 
dma 
OOdeg. 
d  »  4( 

180  deg. 

d  -  2C 

180  deg. 

d  -at 

H  in.  or  o^'eT-  ......  r  t  ... . 

d 


diameter  of  pin  about  which  the  specimen  is  bent, 
thioknees  or  diameter  of  specimen. 


11.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  ban  shall  be  taken  from  the  finished  ban 
and  shall  be  of  the  full  thickness  or  diameter  of  ban  as  rolled;  except  that  the  specimens  for  deformed  ban  may  be 
machined  for  a  length  of  at  least  0  in.,  if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  eroee  eection. 

(b)  Tension  and  bend  test  specimens  for  cold-twisted  ban  shall  be  taken  from  the  finished  ban,  without 
further  treatment;  except  as  specified  in  Sect.  2(6). 

12.  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of  open-hearth  steel,  and  from  each  melt, 
or  lot  of  10  tons,  of  Beesemer  steel;  except  that  if  material  from  one  melt  diffen  H  in.  or  more  in  thieknees  or  diam- 
eter, one  tension  and  one  bend  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  discarded  and  another  speci- 
men substituted. 

(e)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that  spedfied  in  Sect.  8(a) 
and  any  part  of  the  fracture  is  outside  the  middle  third  of  the  gage  length,  as  indicated  by  scribe  scratches 
marked  on  the  specimen  before  testing,  a  retest  shall  be  allowed. 

13.  P^mU^bU  VariaUont  in  Weioht. — The  weight  of  any  lot  of  ban  shall  not  vary  more  than  5%  from  the 
theoretical  w^ht  of  that  lot. 

14.  Finiah. — The  finished  ban  shall  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

16.  JiMpeefMm  and  Rttjtetion. — The  inspeotor  repreaenting  the  purchaser  shall  have  free  entry,  at  all  times  while 
work  on  the  contract  of  the  purchaeer  is  being  performed,  to  all  parts  of  the  manufacturer's  works  which  concern 
the  manufacture  of  the  ban  ordered.  The  manufacturer  shall  afford  the  ins]>ector,  free  of  cost,  all  reasonable 
faoilitiee  to  satisfy  him  that  the  ban  are  being  furnished  in  accordance  with  these  specifications.  All  tests  (except 
check  analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise 
specified,  and  shall  be  so  conducted  as  not  to  interfera  unnecoessarily  with  the  operation  of  the  works. 

16.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accordance  with  Sect.  7  shall  be  reported 
within  6  working  days  from  the  receipt  of  the  samples. 

(6)  Ban  which  show  injurious  defects  subeequent  to  their  acceptance  at  the  manufacturer's  works  shall  be 
rejected,  and  the  manufacturer  shall  be  notified. 

17.  Samples  tested  in  accordance  witn  Sect.  7,  which  repreeeat  rejected  ban,  shall  be  preeerved  for  2  weeks 
from  the  date  of  the  test  report.     In  case  ol  dissatisfaction  with  the  results  ol  the  tests,  the  manufacturer  may  make 
daim  for  a  rehearing  within  that  time. 


MAlfUFACTURERS'   STANDARD   SPBCIFXCATIONS  FOR  RAIL-STBBL   CONCRBTB 

RBINFORCBMENT  BARS 


1.  Manu/cetur9,-^AXL  steel  shall  be  roUed  from  standard  section  Tee  rails. 

2.  Phyneal  PropmUet, — The  physical  properties  shall  conform  to  the  following  limits: 

3.  Yield  Point. — For  the  purpoees  ol  these  specifications,  the  yield  point  shall  be  determined  by  careful  obser- 
vation of  the  drop  of  the  beam  of  the  testing  machine,  or  by  other  equally  accurate  method. 

4.  Form  of  Speeint4n». — (a)  Tensile  and  bending  test  specimens  may  be  cut  from  the  ban  as  rolled,  but  tensQe 
and  bending  test  specimens  of  deformed  ban  may  be  planed  or  turned  for  a  length  of  at  least  0  in.  if  deemed  neoes 
sary  by  the  manufacturer  in  order  to  obtain  uniform  cross  section. 

(6)  Tensile  and  bending  test  specimens'  of  hot-twisted  ban  shall  be  cut  from  the  ban  after  twisting,  and  shall 
be  tested  in  full  sise  without  further  treatment,  unloM  otherwise  specified. 
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Tropvdm  ooniidifd 

1 
Rail«tteel  grade 

Plain  bars 

Deformed  and  hot- 
twisted  bars 

TTItiniAift  tttmil*  ■fntnarf.h.  mimfnnm.  Ik   nMrmn,  in 

80.000 

50,000 

1,300.000 

Tens.  str. 

180  deg. 
d  -3< 

00  deg. 
d  -  31 

80,000 

50.000 

1,000.000 

Tens.  str. 

180  deg. 
d"  U 

90  deg. 
d  -  4t 

Yield  point.  m*'^i>nuiii.  lb.  x>er  Mir  in  ..........  r .,  t .  t 

Elongation,  %  in  8-in.  minimum, 

« 

Cold  bend  without  fnoture;  Ban  under  H  in.  dimmeter  or  thiok- 

nfnn 

Bars  M  in  diameter  or  thickneea  and  over 

6.  ^umbsr  of  7«sto.-«<a)  One  tensile  and  one  bending  test  sliall  be  made  from  each  lot  of  10  tons  or  less  of 
each  sise  of  bar  rolled  from  rails  Tarying  not  mora  than  10  lb.  per  yd.  in  nominal  weight.  Should  a  test  specimen 
develop  flaws,  or  should  the  tensile  test  specimen  break  outside  of  the  middle  third  of  ito  gaged  length,  it  may  be 
discarded  and  another  test  specimen  substituted  therefor.  In  case  a  tensile  specimen  does  not  meet  the  specifi- 
cations, an  additional  test  may  be  made. 

(b)  The  bending  test  may  be  made  by  pressure  or  by  tignt  blows. 

6.  ModificaHont  in  BlonQotion  for  Thin  and  Thick  Mot€rial, — For  bars  less  tnan  He  iu-  and  more  than  fi  in. 
nominal  diameter  or  thickness,  the  following  modifications  shall  be  made  in  the  requirements  for  elongation: 

(a)  For  each  increase  at  Hia.m  diameter  or  thidmess  above  H  in.,  a  deduction  of  1  shall  be  made  from  the 
apeoified  percentage  of  elongation. 

(b)  For  each  decrease  of  He  in.  in  diameter  or  thickness  below  He  in.,  a  deduction  of  1  shall  be  made  from  the 
specified  percentage  of  elongation. 

7.  Nunibgr  of  TwitU. — Hot-twisted  bars  of  raO  carbon  steel  shall  be  twisted  with  one  complete  twist  in  a  length 
equal  to  not  more  than  12  times  the  thickness  of  the  bar. 

8.  ^inM&.—Material  must  be  free  from  injurious  seams,  flaws,  or  cracks,  and  have  a  workmanlike  finish. 

9.  Variation  in  Weioht. — Bars  for  reinforcement  are  subject  to  rejection  if  the  actual  weight  of  any  lot  varies 
more  than  6  %  over  or  under  the  theoretical  weight  of  that  lot 


STANDARD  SPBOnCATIONS  FOR  RAIL-STBBL  CONCRSTB  REINFORCEMENT  BARS 

(American  Society  for  Testing  Materials) 

1.  The  specifications  cover  three  clssses  of  raU-eteel  concrete  reinforcement  bars,  namely:  plain,  deformed, 
and  hot-twisted. 

2.  Manufaeiure. — The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twisted  bars  shall  have  one  complete  twist  in  a  length  not  over  12  times  the  thickness  of  the  bar. 


Properties  considered 


TAasile  strength,  lb.  per  sq.  in 
Yield  point,  lb.  per  sq.  in 

Elongation  in  8  in.,  %i 


Plain  bars 


80,000 

50,000 

1.200.000 

Tens.  str. 


Deformed  and  hot- 
twisted  bars 


80,000 

60.000 

1.000.000 

Tens.  str. 


1  See  Sect.  5. 


4.  Phynoal  Propertiet  end  7*Mte.^-(a)  The  bars  shall  conform  to  the  following  minimum  requirements  as  to 
tensile  properties: 

(b)  Tbe  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

5.  (a)  For  bars  over  K  in-  in  thickness  or  diameter,  a  deduction  of  1  from  the  percentages  of  elongation  specified 
in  Beet.  4  (o)  shall  be  made  for  each  increaee  of  H  in.  in  thickness  or  diameter  above  H  in. 

(b)  For  bars  under  He  in.  in  thickness  or  diameter,  a  deduction  of  1  from  the  percentages  of  elongi^tion  specified 
n  Sect.  4(o)  shall  be  made  for  each  decrease  of  He  in.  in  thickness  or  diameter  below  He  in. 
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0.  The  t€8t  8p«ciineD  shall  bend  oold  around  a  pin  without  cracking  on  the  outaide  of  the  bent  portion, 
follows: 


Thidkness  of  diameter  of  bar 


Plain  bars 


Deformed  and  hot- 
twisted  bars 


Under  H  ii^  -  • 
3i  in.  or  over. 


180  deg. 
d  "  Zt 
90  deg. 
d  "  3t 


180  deg. 
d  -  4< 
90  deg. 
d  -  4< 


7.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall  be  taken  from  the  finished  bars,  and 
shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled;  except  that  the  specimens  for  deformed  bars  may  be 
machined  for  a  length  of  at  least  9  in.,  if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  cross  section. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  bars  shall  be  taken  from  the  finished  bars,  without  further 
treatment. 

8.  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  10  tons  or  less  oi  each  sise  of  bar  rolled 
from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal  weight. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  discarded  and  another  specimen 
substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  lees  than  that  specified  in  Sect.  4(a)  and  any 
part  of  the  fracture  is  outside  the  middle  third  of  the  gage  length,  as  indicated  by  scribe  scratches  marked  on  the 
specimen  before  testing,  a  retest  shall  be  allowed. 

9.  PermiMtible  Variations  in  Weight. — The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5%  from  the 
theoretical  weight  of  that  lot. 

10.  Finish, — The  finished  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

11.  Inspection  and  Rejedion. — The  inspected  representing  the  purchaser  shall  have  free  entry,  at  all  times  while 
work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's  works  which  concern  the 
manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the  insptector,  free  of  coet,  all  reasonable  facilities 
to  satisfy  him  that  the  bars  are  being  furnished  in  accordance  with  theee  specifications.  All  tests  and  ixupection 
shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

12.  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  sianufacturer's  works  will  Jm 
ejected,  and  the  manufacturer  shall  be  notified. 


•  APPENDIX  E 
SPECIFICATIOirS  FOR  CONCRETE  BTTILDING  STONE 
NEW  YORK  SPECIFICATIONS  FOR  CAST  STONE 

"  Specifications  for  Cast  Concrete  Stone  as  used  by  the  State  of  New  York  for  the  Construotion  of  State 
Fair  Buildings"*  are  in  part  as  follows: 

All  east  stone  shall  be  made  of  Portland  cement,  such  as  will  pass  the  standard  specifications  of  the  American 
Society  for  Testinc  Materials,  and  of  a  brand  satisfactory  to  the  architects,  mixed  with  an  aggregate,  of  uniform 
color  and  texture,  and  free  from  iron  and  other  f oregin  material  liable  to  discoloration.  Aggregates  shall  be  crushed 
granite  or  hard  marble. 

The  cement  and  aggregates  shall  be  thoroughly  mixed  in  a  proportion  of  1  part  of  cement  to  not  over  6  or  less 
than  4  parts  of  aggregate.  The  aggregate  shall  be  made  by  crushing  selected  pieces  of  stone  to  insure  uniform  color 
and  texture  and  shall  be  screened  into  at  least  tliree  sises,  the  largest  of  which  shaU  not  exceed  that  which  passes  a  ring 
^i  in.  in  diameter,  and  there  shall  be  at  least  50%  of  such  a  sise  of  aggregate  that  will  not  pass  a  ring  H  in.  in  diam- 
eter.    The  various  siaes  shall  be  used  in  proportions  to  give  maximum  density  and  all  measured  by  weight. 

The  concrete  for  making  the  cast  stone  shall  be  mixed  with  not  less  than  15  %  of  water  by  weight  and  shall  be 
mixed  by  a  machine,  preferably  of  the  rotary  type.  If  cast  in  a  semi-liquid  condition,  it  shall  be  constantly  agitated, 
and  eorUinuottely  deposited  in  the  mold. 

All  casts  shall  be  properly  seasoned  by  being  kept  moist  and  away  from  the  sun*s  rays  and  draughts  fcMr  at  least 
10  days  after  being  made. 

After  having  been  seasoned  for  at  least  10  days,  all  exposed  plain  surfaces  of  the  stone  shall  be  tooled  with  a 
drove  finish  of  4  cuts  or  6  cuts  to  the  inch,  or  such  other  finish,  as  the  architects  shall  specify.  The  tooling  shall 
preferably  be  done  by  grinding  the  grooves  by  the  use  of  an  abrasive  material  so  that  the  larger  aggregates  will  not 
be  distributed  or  in  any  way  shattered. 

All  surfaces  of  cast  stone  to  be  true  and  without  hollows  and  other  than  plain  surfaces  to  be  recut  as  necessary 
to  make  perfect.  Models  of  all  ornament  to  be  furnished  for  architect's  approval,  and  all  stone  to  be  finished  true 
to  such  models. 

All  cast  stone  shall  be  of  such  quality  that  it  will  pass  a  test  at  the  age  of  28  days  of  at  least  1500  lb.  compres- 
sion per  sq.  in.,  and  shall  not  have  an  absorption  to  exceed  5  %  of  weight  when  thoroughly  dried  and  immersed  in 
water  for  48  hr. 

All  lintels,  bearing  stones,  and  other  subjected  to  cross-bending  shall  be  reinforced  by  means  of  steel  rods 
placed  about  2  in.  from  their  tension  surface  and  the  total  sectional  area  of  the  steel  shall  be  equal  to  H  to  1  %  of  the 
cross-sectional  area  of  the  concrete  in  the  member  reinforced.  When  any  cast  exceeds  in  any  dimension  8  times  its 
least  dimension,  it  shall  be  reinforced  to  insure  safety  in  handling. 

Samples  of  cast  stone  on  whicn  bids  are  based  shall  be  submitted  for  approval.  Said  samples  to  be  retained 
by  the  architect.  Preference  shall  be  given  to  stone  cast  in  an  etiabliahed  factory,  and  contractor  must  be  able  to 
show  work  of  a  similar  character  that  he  has  erected,  and  same  must  meet  the  approval  of  the  architect.  All  casts 
shall  be  provided  with  steel  bonds  for  the  purpose  of  tying  into  the  masonry  backing  and  with  hooks  for  handling 
and  lifting  which  shaU  be  placed  in  the  stone  when  cast. 

Cast  stone  need  not  be  plastered  on  back  with  La  Farge  cement,  nor  need  it  be  painted  as  specified  for  Indiana 
limestone. 

AMERICAN  CONCRETE  INSTITUTE  SPECIFICATIONS 

Standard  specifications  (Standard  No.  10)  and  building  regulations  for  the  manufacture 
and  use  of  concrete  architectural  stone,  building  block  and  brick  of  the  American  Concrete 
Institute,  adopted  in  1917,  provide  as  follows: 

1.  Concrete  architectural  stone  and  building  block  for  solid  and  hollow  walls  and  concrete  brick  made  in 
accordance  with  the  following  specificatiens  and  meeting  the  requirements  thereof,  may  be  used  in  building  con- 
struction. 

2.  7*cs<s.'— Concrete  architectural  stone,  building  blocks  for  hollow  and  solid  walla,  and  concrete  brick  must  be 
subjected  to  (a)  compression  (b)  absorption  tests.  All  tests  must  be  made  in  a  testing  laboratory  of  recognised 
standing. 

*  Concrete,  Feb.,  1913,  p.  61. 
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3.  UlHmaU  Compr^uiv  Strgnglh. — (a)  Solid  oonerete  stone,  building  blooks  and  briok.  In  the  omo  of  solid 
■tons,  blocks  and  briok,  the  ultimate  oompressive  strength  st  28  days  must  average  not  less  than  1500  lb.  per  sq.  in. 
of  gross  cross-seoUonai  area  of  the  stone  as  used  in  the  wall,  and  must  not  fall  below  1000  lb.  per  sq.  in.  in  any  test] 

(6)  Hollow  and  two-piece  building  blocks.  The  ultimate  oompressive  strength  of  hollow  and  two-piece  building 
bloclci  at  28  days  must  avergae  1000  lb.  per  sq.  in.  of  gross  cross  sectional  area  of  the  block  as  used  in  the  wall, 
and  must  not  fall  below  700  lb.  per  sq.  in.  in  any  test. 

4.  Oro9»  Cro89'8ectu>nal  Areat. — (a)  Sdid  concrete  stone,  blocks  and  brick.  The  cross-sectional  area  shall  be 
considered  as  the  minimum  area  in  compreBsion.  • 

(6)  Hollow  building  blocks.  In  the  case  of  hollow  building  blocks,  the  gross  eroM-sectional  area  shall  be  con- 
sidered as  the  product  of  the  length  by  the  width  of  the  block.  No  allowance  shall  be  made  for  the  air  space  of 
the  block. 

(e)  Two-piece  building  blocks.  In  the  case  of  two-piece  building  blocks,  if  only  one  block  is  tested  at  a  time, 
the  grosB  cross-sectional  area  shall  be  regarded  as  the  product  of  the  length  of  tho  block  by  one-half  the  width 
of  the  wall  for  which  the  block  is  intended.  If  two  blocks  are  tested  together,  then  the  grow  cross-sectional  area 
shall  be  regarded  as  the  product  of  the  length  of  the  block  by  the  full  width  of  the  wall  for  which  the  block  is 
intended. 

6.  Ah$crptum. — The  absorption  at  28  days  (being  the  weight  of  the  water  absorbed  divided  by  the  weight 
of  the  dry  sample)  must  not  exceed  10  %  when  tested  as  hereinafter  specified. 

6.  SampUt. — At  least  six  samples  most  be  provided  for  the  purpose  ci  testing.  Such  samples  must  represent  the 
ordinary  commercial  product.  In  oases  where  the  material  is  made  an  used  in  special  shapes  and  forms  too  large 
for  testing  in  the  ordinary  machine,  smaller  specimens  shall  be  used  as  may  be  directed.  Whenever  possible,  the 
tests  shall  be  made  on  f  uU  sised  samples. 

7.  Compression  TssU. — Compression  tests  sAall  l>e  made  as  follows:  The  sample  to  be  tested  must  be  carefully 
measured  and  then  bedded  in  plaster  of  paris  or  other  cementitious  material,  in  order  to  secure  imiform  bearing 
in  the  testing  machine.  It  shall  then  be  loaded  to  failure.  The  compressive  strength  in  pounds  per  square 
inch  of  gross  eross-sectional  area  shall  be  regarded  as  the  quotient  obtained  by  dividing  the  total  applied  load  in 
pounds  by  the  gross  cross-sectional  area,  which  area  shall  be  expressed  in  square  inches  computed  according  to 

Art.  4. 

When  such  tests  must  be  made  on  cut  sections  of  blocks,  the  pieces  of  the  block  must  first  be  carefully  meas- 
ured. The  samples  shall  then  be  bedded  to  secure  uniform  bearing,  and  loaded  to  failure.  In  this  case,  however, 
the  compressive  strength  in  pounds  per  square  inch  of  net  area  must  be  obtained  and  the  net  area  shall  be  regard«i  as 
the  minimum  bearing  area  in  compression.  The  average  of  the  compressive  strength  of  the  two  portions  of  blocks 
shall  be  regarded  as  the  oompressive  strength  of  the  samples  submitted.  This  net  oompressive  strength  shall  then 
be  reduced  to  compressive  strength  in  pounds  per  square  inch  of  gross  cross-sectional  area  as  follows: 

The  net  area  of  a  full  sised  block  shall  be  carefully  calculated  and  the  total  compressive  strength  of  the  block 
wiU  be  obtained  by  multiplying  this  area  by  the  net  compressive  strengUi  obtained  above.  This  total  gross  com- 
pressive strength  shall  be  divided  by  the  gross  cross-sectional  area  as  figured  by  Art.  4,  to  obtain  the  comi^essive 
strength  in  pounds  per  square  inch  of  gross  cross-sectional  area. 

When  testing  other  than  rectangular  blocks,  great  care  must  be  taken  to  apply  the  load  at  the  center  of  gravity 
of  the  specimen. 

8.  Absorption  Tssis. — The  samples  shall  be  first  thoroughly  dried  to  a  constant  weight  at  a  temperature 
not  to  exceed  212  deg.  F.,  and  the  weight  recorded.  After  drying,  the  sample  shall  be  immersed  in  dean  water  for  a 
period  of  48  hr.  The  sample  shall  then  be  removed,  the  surface  wiped  off,  and  the  sample  reweighed.  The 
percentage  of  absorption  shall  be  regarded  as  tne  weight  of  the  water  absorbed  divided  by  the  weight  of  the  dry 
sample  multiplied  by  100. 

9.  Limit  of  Loading. — (a)  Hollow  walls  of  concrete  building  blocks.  The  load  on  any  hollow  walls  of  concrete 
blocks,  including  the  superimposed  weight  of  the  wall,  shall  not  exceed  167  lb.  per  sq.  in.  of  gross  area.  If  the  floor 
loads  are  carried  on  ^ders  or  joists  resting  on  cement  pilasters  filled  in  place  with  sliish  concrete  mixed  in  propor- 
tion of  1  part  cement,  not  to  exceed  2  parts  of  sand  and  4  parts  of  gravel  or  crushed  stone,  said  pilasters  may  be 
loaded  not  to  exceed  300  lb.  per  sq.  in.  of  gross  cross-sectional  area. 

(6)  Solid  walb  of  concrete  blocks.  Solid  waUs  built  of  architectural  stone,  blocks  or  brick  and  laid  in  Portland 
cement  mortar  or  hollow  block  walls  filled  with  concrete  shall  not  be  loaded  to  exceed  300  lb.  per  sq.  in.  of  gross 
cross-sectional  area. 

10.  Oirdsrs  and  /ot'sla.— 'Wherever  girders  <Nr  joists  rest  upon  walls  in  such  a  manner  as  to  cause  conoentrated 
loads  over  4000  lb.,  the  blocks  supporting  the  girders  or  joist  must  be  made  solid  for  at  least  8  in.  from  the  inside 
face  of  the  wall,  except  where  a  suitable  bearing  plate  is  provided  to  distribute  the  load  over  a  sufildent  area  to 
reduce  the  stress  so  it  will  conform  to  the  requirements  of  Art.  9. 

Wb«i  the  combined  live  and  dead  floor  loads  exceed  60  lb.  per  sq.  ft.  the  floor  joists  shall  rest  on  a  steel  i^te  not 
less  than  H  of  an  inch  thick  and  of  a  width  H  to  1  in.  less  than  the  wall  thiokness.  In  lieu  of  said  steel  plate  the 
joists  may  rest  on  a  solid  block,  which  may  be  3  and  4  in.  less  in  wall  thiokness  than  the  building  wall,  except 
in  instances  where  the  wall  is  8  in.  thick,  in  which  cases  the  solid  blocks  shall  be  the  same  thickness  as  the  building 
wall. 

11.  Thickness  of  Watts. — (a)  Thickness  of  bearing  walls  shall  be  such  as  will  conform  to  the  limit  of  loading 
given  in  Art.  9.  In  no  instance  shall  bearing  walls  be  less  than  8  in.  thick.  Hollow  walls  8  in.  thick  shall  not  be 
over  16  ft.  high  for  1  story  or  more  than  a  total  of  24  ft.  for  8  stories. 

(&)  Walls  of  residences  and  buildings  commonly  known  as  apartment  buildings  not  exceeding  4  stories  in  height, 
in  which  the  dead  floor  load  does  not  exceed  60  lb.  or  the  live  load  60  lb.  per  sq.  ft.,  shall  have  a  minimum  thiokness, 
in  inches  as  shown  in  Table  1. 
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Table  1. 


No.  of  Btories 

Basement 
(in.) 

1st  story 
(in.) 

2d  story 
(in.) 

3d  story 
(in.) 

4th  story 
(in.) 

1 ^ 

8 
10 
12 
10 

8 

8 

12 

12 

8 
10 
12 

8 
10 

8 

2 

3 

4 

12.  VatiakUm  in  ThieJcnnt  of  WaXU, — (a)  Wherever  walle  are  decreased  in  thickness,  the  top  course  of  the 
thicker  wall  shall  afford  a  solid  bearing  for  the  webe  or  walla  of  the  course  of  the  concrete  block  above. 

13.  Bonding  and  Boaring  Wdtt». — Where  the  face  wall  is  constructed  of  both  hollow  concrete  blocks  and  brick, 
the  facing  shall  be  bonded  into  the  backing,  either  with  headere  projecting  4  in.  Into  the  brick  work,  every  fourth 
course  being  a  header  course,  or  with  approved  ties,  no  brick  backing  to  be  less  than  8  in.  thick.  Where  the  walls 
are  made  entirely  of  concrete  blocks,  but  where  said  blocks  have  not  tbe  same  width  as  the  wall,  every  fifth  course 
shall  overlap  the  course  below  by  not  less  than  4  in.  unless  the  waU  system  alternates  the  cross  bond  through  the 
wall  in  each  course. 

14.  Curtain  WoUm. — For  curtain  walls  the  limit  of  loading  shall  be  the  same  as  given  in  Art.  9.  In  no  instance 
shall  curtain  walls  be  less  than  8  in.  in  thielcness. 

15.  Party  WaiU, — Walls  of  hollow  concrete  Uock  used  in  the  construction  of  party  walls  shall  be  filled  in  place 
with  concrete  in  the  proportion  and  manner  described  in  Art.  9. 

16.  Partition  WaU*. — Hollow  partition  walls  of  eonorete  blocks  may  be  of  the  same  thickness  as  required  in  hol- 
ow  tile  terra  ootta  or  plaster  blocks  for  like  purpoats. 
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GEJXERAL  MECHAinCAL  PROPERTIES  OF  VARIOUS  AMERICAN 

TIMBERS  . 

(Taken  from  Bui.  No.  556  of  the  U.  S.  Dept.  of  Agrioulture) 

Table  1  makes  available  for  general  use  data  which  will  serve  as  a  basis  for  (1)  the  comxMtfison  of  spedes, 
(2)  the  choice  of  species  for  particulw  uses,  and  (3)  the  establishment  of  corrected  worldng  stresses. 

With  euch  test  data  at  hand  it  is  possible  to  compare  the  properties  of  a  known  q>ecies  with  those  of  another. 
The  possibility  of  substitution  generally  reduces  to  the  few  species  which  possess  qualities  approaching  those 
previously  in  use.  If  the  properties  making  a  particular  wood  valuable  for  a  cotain  purpose  are  known,  the  com- 
parison is  made  the  easier. 

As  an  example  of  the  foregoing,  suppose  it  is  desired  to  find  a  wood  for  flooring  for  use  in  the  place  of  maple. 
For  flooring,  hardness  is  the  ruling  factor,  providing,  of  course,  the  wood  possesses  other  strength  properties  to  a 
reasonable  degree.  Using  hardness  as  a  basis  of  comparison,  wliite  oak  should  be  as  good  or  better  than  maple 
for  flooring,  which  is  true.  Using  modulus  of  rupture,  which  is  a  very  important  strength  value  in  structural  ma- 
terial but  of  very  little  importance  in  flooring,  as  a  basis  for  comparison,  long  leiCf  pine  or  Douglas  fir  would  unjustly 
be  given  preference  to  oak. 

8cop$  and  Method  of  BxptrimmttM. — The  data  in  this  bulletin  (No.  566)  are  based  upon  about  130,000  tests, 
probably  the  greatest  number  ever  made  in  one  series  upon  any  nutterial. 

Small  dear  specimens  are  used  in  the  tests  in  order  that  consideration  of  the  influence  of  defects  may  be  elimi- 
nated from  calculations  to  determine  the  relation  between  strength  and  density,  moi8ture.,locality  of  growth,  soil 
conditions,  etc.  The  specimens  are  2  X  2  in.  in  cross  section.  Bending  specimens  are  30  in.  long;  others  shorter, 
depending  on  the  kind  of  test 

The  material  for  any  given  spedes  and  locality  is  cut  from  typical  trees,  usually  five  in  number.  These  are 
sdected  as  representatives  of  the  Forest  Service,  careful  descriptions  being  made  of  each  tree  and  of  the  conditions 
under  which  it  has  grown. 

Data  derived  from  tests  previously  made  by  the  Forest  Service  and  under  practically  the  same  conditions 
as  the  present  series  are  included  in  the  Table. 

Preeautunu  to  be  Observed  in  the  Uee  of  the  Data. — Careful  attention  must  be  given  to  the  natiural  variability  of 
timber  in  order  to  make  correct  use  of  timber  test  data.  »The  following  suggestions  are  offered  as  a  guide  to  the  use 
of  the  data  given  herdn: 

In  comparing  the  data  with  those  in  other  publications,  it  must  be  kept  in  mind  that  scarcely  any  two  series  of 
tests  have  been  made  imder  the  same  conditions  and  that  very  frequently  so  little  is  specified  cono«rning  the  charac- 
ter of  the  material  and  the  methods  of  test  as  to  make  close  comparisons  impossible.  Also,  in  making  comparisons, 
it  is  important  that  the  data  should  really  be  representative  of  the  classes  of  material  which  it  is  proposed  to  compare. 
For  ezamplet  it  ia  not  just  to  take  the  figures  derived  from  Rooky  Mountain  Douglas  fir,  which  is  known  to  be 
inferior  to  the  Padfic  coast  type,  as  representative  of  the  coast  fir.  Nor  in  general  can  a  comparison  of  spedes 
properly  be  made  from  results  of  tests  on  large  timbers  alone;  for  in  practically  all  cases  the  large  timbers  tested 
have  not  been  selected  as  representative  of  the  spedes,  but  have  been  chosen  to  determine  the  effect  of  defects,  the 
effect  of  preservative  treatment,  or  for  the  solution  of  other  and  similar  problems. 

Differences  in  strength  (of  the  some  timber)  are  usually  due  to  differences  in  defects,  mobture  content,  or 
density,  or  to  combinations  of  these.     Defects  are  not  considered  in  this  publication. 

Differences  of  moisture  content  cause  considerable  variation  in  the  strength  values  of  air-dry  or  partially  air- 
dry  material,  but  have  no  effect  as  long  as  bM  material  is  thoroughly  green. 

One  of  the  prindpal  factors  causing  differences  in  strength  is  variable  density.  As  might  be  expected,  the 
greater  the  density  of  a  given  stick  or  the  more  wood  it  has  per  unit  volume,  the  stronger  is  the  stick. 

Considerable  confusion  often  arises  from  the  use  at  general  terms  in  a  limited  sense,  or  with  different  meanings 
by  different  persons.  For  instance,  strength,  in  the  broad  sense  of  the  word,  is  the  summation  of  the  mechanical 
properties  or  the  ability  of  a  material  to  resist  stresses  or  deformations  of  various  sorts.  While  such  properties 
as  hardness,  stiffness,  and  toughness  are  not  always  thought  of  in  connection  with  the  term  "strength,**  they  are 
unconsdously  induded  when,  in  a  spedfio  instance,  they  are  important.  This  may  be  illustrated  by  some  com- 
parisons of  oak  and  longleaf  pine.  For  floor  beams  or  posts,  the  pine,  because  of  its  strength  and  stiffness  as  a  beam, 
has  a  slight  advantage  over  the  oak  and  is  considered  "stronger."  For  handles,  vehicle  or  implement  parts, 
oak,  because  of  its  greater  toughness,  or  shock-resisting  ability,  is  deddedly  superior  to  the  pine  and  is  considered 
"stronger."  Thus  it  is  seen  that  the  term  "strength"  may  refer  to  any  one  of  many  properties  or  combinations 
of  properties,  and  is  necessarily  indefinite  in  meaning  unless  so  modified  as  to  indicate  one  particular  thing.  To 
say,  then,  that  one  spedes  is  stronger  than  another  is  a  meaningless  statement  unless  it  is  specified  in  what  par- 
ticular respect  it  exceb. 
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The  term  strencth,  in  its  more  restricted  aense,  ia  the  ability  to  reeift  strees  of  a  nngle  kind,  or  the  streaaee 
developed  in  one  kind  of  a  construotional  member,  aa  strength  in  shear,  strength  in  oompression,  strength  as  a  beam, 
strength  aa  a  column.    Used  in  thia  way,  the  term  ia  apeoifio  and  allows  no  chance  of  confusion. 

There  are  many  propertiea  of  wood,  auch  as  taate  imparted  to  foodatuffa,  odor,  eaae  of  working  ability  to  take 
finiah  and  to  maintain  shape,  reeiatanoe  to  decay,  etc.,  which,  of  oourae,  are  not  given  in  the  accompanying  table, 
but  which  are  very  important  in  aome  uaea  to  which  timber  ia  put.  In  very  few  inatances  will  atrength  data  of 
themselvea  be  auffident  to  determine  the  value  of  a  apeeiea  for  a  given  use. 

The  aooompansring  table  givea  the  values  obtained  from  testa  on  green  material.  It  will  be  noted  that  there 
ia  a  large  variation  in  the  moiature  content  of  the  varioua  apecies.  All,  however,  were  teated  at  approximately 
the  moiature  content  of  the  living  tree  and  are  well  above  the  limit  below  which  differencea  in  moiature  content 
produce  differences  in  atrength. 

B«p1snstion  of  Table — Names  of  Speciea, — The  common  and  botanical  names  used  in  the  table  are  given  in 
Foreat  Service  Bulletin   No.   17. 

LoccUiUea  Where  Oroton. — In  the  aecond  column  of  the  table  are  Hated  the  Statea  in  which  the  teat  apeoimena 
originated.  The  locality  of  growth  fcaa  in  aome  caaee  an  influence  on  the  atrength  of  timber.  Thia  influence, 
however,  ia  uaually  overestimated. 

Number  of  Ringe  per  Tneh. — Rings  per  inch  ia  an  inverae  meaaure  of  the  rate  of  growth.  It  ia  taken  along 
a  radial  line  on  the  end  aection  of  each  specimen.  One  ring,  conaiating  of  a  band  of  springwood  and  a  band  of 
Bummerwood,  ia  formed  by  each  year'a  growth;  conaequently,  few  ringa  per  inch  indicate  faat  growth,  and  vice 
versa. 

<SumifMrt0ood.-— The  amount  of  aummerwood  ia  expreaaed  in  per  cent  of  the  entire  cross  section.  It  is  measured 
along  a  representative  radial  line. 

Moisture  Content.— Moisture  content  is  the  weight  of  water  contained  in  the  wood,  expressed  in  per  cent  of  the 
oven-dry  weight  of  the  wood.  Moisture  content  is  determined  by  weighing  a  small  section  of  the  test  specimen 
and  then  drsring  it  at  100  deg.  C.  in  freely  circulating  air  until  its  weight  becomes  constant;  the  loss  of  weight  ia  then 
divided  by  the  dry  weight  to  give  the  proportion  of  moisture,  and  tliis  is  usually  expreaaed  in  per  cent  of  the  dry 
weight.  Consequently  "  moiature  "  aa  determined  indudea  any  other  aubstancea  besides  water  volatile  at  100  deg.  C. 
whidi  may  be  in  the  wood. 

Svecijic  QravUy, — Specifio  gravity  is  the  weight  of  any  given  substance  divided  by  the  weight  of  an  equal 
volume  of  pure  water  at  its  greatest  density. 

Svscifis  Oraoity  Based  on  Volume  When  Qrten. — In  the  determination  of  the  figures  for  specific  gravity  based  on 
volume  when  green  the  teat  apecimena  are  weighed  and  meaaured  when  green.  Their  oven-dry  weight  ia  then  com- 
puted by  dividing  the  weight  when  green  by  1  plua  the  proportion  of  moiature,  moiature  being  determined  as 
described  in  previous  paragraphs.  The  specific  gravity  data  based  on  green  volume  are  more  reliable  than  the  data 
based  on  air-dry  or  oven-dry  volume  because  they  are  baaed  on  the  largest  number  of  determinations,  and  these 
determinations  are  unaffected  by  the  ahrinkage  of  the  wood.  Specific  gravity  ao  determined  ia,  aaide  from  actual 
strength  data,  the  best  criterion  of  the  strength  of  clear  wood  of  any  species. 

SpeeiJU  Gravity  Based  on  (henF-dry  Volume. — In  determining  the  specific  gravity  based  on  oven-dry  volume,  the 
volume  as  well  as  the  weight  is  taken  after  the  specimens  are  dried  to  a  practically  constant  weight  in  air  at  100 
deg.  C.  The  difference  between  specific  gravity  based  on  green  volume  and  that  on  oven-dry  volume  is  due  to  the 
shrinkage,  and  one  may  be  determined  from  the  other  if  the  slurinkage  in  volume  is  known.  Specifio  gravity  on 
oven-dry  vdume  —  specific  gravity  based  on  volume  when  green  +  (1  —  the  shrinkage). 

Weight  per  Cubic  Fool  Oreen. — Weight  per  cubic  foot  green  is  the  weight  per  cubic  foot  of  the  wood  (ineluding 
moisture)  as  it  comes  from  the  living  tree. 

Shrinkage  from  Oreen  to  Oven  Dry. — When  wood  is  dried  below  the  fiber  saturation  point,  shrinkage  begins  and 
continues  until  the  moisture  is  all  driven  off.  Shrinkage  along  the  length  of  timber  is  very  small.  Shrinlcage  in 
directions  at  right  angles  to  the  grain  is  very  much  greater  and  varies  from  2  or  3  %  to  about  20  % .  lUuiial  shrinkage 
is  about  three-fifths  aa  great  aa  tangential  ahrinkage.  Shrinkage  in  volume  is  of  course,  the  resultant  of  shrinkages 
along  the  fibers  and  in  the  radial  and  tangential  directions.  However,  shrinkage  in  volume  and  radial  and  tangen- 
tial shrinkages  were  independently  determined  in  the  present  series  of  tests.  The  first  was  determined  from  four 
specimens,  and  each  of  the  others  from  one  specimen  from  each  tree. 

All  shrinkages  given  are  expressed  in  percentages  of  the  original  or  green  dimensions,  and  are  total  shrinkages 
to  sero  moisture.  Shrinkage  to  an  air  dry  condition  of  about  12  %  moisture  is  sometimes  more  and  sometimes 
less  than  half  the  total  shrinkage.  At  about  12  %  moisture  the  volume  changes  by  about  one-half  of  1  %  for  tech 
moisture  content  change  of  1  %.    Shrinkage  in  volume  is  important  in  measuring  cordwood. 

Radial  shrinkage  is  tne  measure  of  the  change  in  width  of  a  quarter-sawed  or  edge-grain  board.  In  most 
spedes  at  about  12  %  moisture  a  moisture  content  change  of  1  %  may  be  expected  to  cause  a  change  of  about  He  of 
1  %  in  the  width  of  such  a  board.  Thia  ia  equivalent  to  Ha  of  an  inch  change  in  the  width  of  a  10-in.  board  for  a 
5%  change  in  moiature  (5  X  H%%  of  10  in.  -■  Hs  in.). 

Tangential  ahrinkage  ia  the  moMure  of  the  change  in  width  of  a  flat  aawed  board.  At  about  12  %  moisture  a 
moisture  content  change  of  1  %  may  be  expected  to  cause  a  change  of  about  K  a  of  1  %  in  the  width  of  auch  a  board, 
whidk  is  equivalent  to  Ha  of  an  inch  change  in  the  width  of  a  10-in.  board  for  5  %  change  in  moiature. 

Work  to  BlosHe  Limit. — Work  to  daatic  limit  in  atatic  bending  ia  a  meaaure  of  the  work  which  a  beam  ia  able 
to  resist  or  the  ahock  which  it  can  abaorb  without  being  atresaed  beyond  the  elaatic  limit  aa  determined  under  alowly 
applied  loada. 

Work  to  Maximum  Load. — Work  or  maximum  load  in  atatic  bending  repreaenta  the  ability  of  the  timber  to 
absorb  ahock  with  a  alight  permanent  or  aemi-permanent  deformation  and  with  aome  injury  to  the  timber.    Wood, 
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especially  in  small  sisea,  can  be  bent  somdwhat  beyond  its  elastic  li^t  with  only  slight  injury  if  the  load  is  removed 
at  onoe.  Work  to  maximum  load  is  a  measure  of  the  combined  strength  and  toughness  of  a  material  under  bending 
■tresses.  Superiority  in  tliis  quality  is  tne  characteristic  which  makes  hickory  better  than  ash,  and  oak  better  than 
longleaf  pine,  for  such  uses  as  handles  and  vehicle  parts. 

Impact  Bending, — ^The  impact  bending  test  is  made  upon  a  beam  2  X  2  X  30  in.  over  a  2&-in.  span.  A  50-lb. 
hammer  is  dropped  upon  the  stick  at  the  center  of  tne  span,  first  from  a  height  of  1  in.,  next  2  in.,  etc.,  iq>  to  10  in., 
then  increasing  2  in.  at  a  time  until  comnlete  failure  occurs.  The  deflections  of  the  specimen  are  recorded  on  a 
revolving  drum  by  a  pointer  attached  to  the  hammer.  This  printer  abo  records  the  position  the  specimen  assumes 
after  the  shock.  Thus  data  are  obtained  for  determining  the  various  properties  of  the  wood  when  subjected  to 
shock. 

Hnght  of  Drop, — Height  of  drop  is  the  maximum  or  last  drop  of  tbe  hammer.  It  represents  a  quality  impor- 
tant  in  articles  which  are  occasionally  stressed  under  a  shock  beyond  their  elastic  limit,  such  as  handles  and  vehicle 
and  implement  parts. 

Hardne99. — Hardness  is  tested  by  measiiring  the  load  required  to  embed  a  0.444-iii.  bail  to  H  of  its  diameter  in 
the  wood.     This  test  is  a  modification  of  one  originated  by  Janka. 

Tbe  hardness  test  is  applied  to  end,  radial,  and  tangential  surfaces  of  the  timber.  There  is  no  consistent  differ- 
ence between  radial  and  tangential  bardnesses  and  they  are  averaged  and  tabulated  as  "side  hardness.*'  End 
hardness  is  usually  greater  than  side  hardness.  The  quality  represented  by  these  figures  is  important  in  woods  for 
paving  blocks,  railroad  ties,  furniture,  flooring,  eto. 


APPENDIX  a 
TESTS  ON  BRICK  PIERS 

The  most  importmnt  tests  on  brick  piers  of  recent  years  were  made  by  J.  Q.  Bragg  of  the  Bureau  of  Standards, 
the  testa  being  conducted  with  the  cooperation  of  the  National  Brick  Manufacturers'  Association.  The  50  piers 
tested  were  30  in.  square  and  were  of  a  height  of  10  ft.,  except  4  piers  reinforced  with  wire  mesh  which  were  6  ft. 
The  bricks  were  selected  from  the  districts  of  Chicago,  Pittsburgh,  New  York,  and  New  Orleans.  They  were  clas- 
sified as  (1)  hard  burned  best  quality.  (2)  medium  burned  or  common,  and  (8)  soft  burned  or  inferior  quality. 
The  mortars,  bondimct  and  other  data  of  the  tests  of  piers  and  individuiJ  bricks  are  given  in  Technologic  Paper 
No.  Ill,  Bureau  of  Standards.    The  accompanying  table  which  is  self-explanatory  is  quoted  therefrom. 
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A  •umznary  i»  alao  lubmitted  in  Teohnolosio  Paper  No.  Ill  of  the  reetdte  of  Teste  by  Howard,  MoCaueland, 
M*cQregar,  and  Kreuger  ae  followe: 

/f  otoord**  Tutt  (£nc.  Reo.,  March  22, 1913).-— This  work  oonsbte  of  several  aeriee  of  pier  teete,  in  whioh  a  study 
WAS  made  of  yarious  mortars,  grades  of  brick,  and  methods  of  laying  the  bricks.  A  novel  feature  of  this  work  was  the 
laving  of  bricks  on  edge  and  in  some  case  breaking  joints  every  third  or  sixth  course,  instead  of  every  course.  The 
piers  tested  ranged  in  cross-sectional  dimensions  from  8  X  ti  in.  to  16  X  16  in.,  the  heights  varjring  from  3  to  12  ft. 
6  in.  In  these  tests,  14  of  which  were  made  on  faoe-briok  piers  laid  in  1  part  Rosendale  cement  to  2  parte 
Band  mortar,  the  strength  was  found  to  vary  with  the  height  of  pier,  the  ultimate  resistance  of  the  pier  varying  from 
12.5  to  16.1  %  of  the  compressive  strength  of  the  bricks.  Thirty-eight  common-brick  i^ers  of  the  eame  mortar  and 
general  dimensions  developed  a  strength  of  from  7.8  to  17.6%  of  the  compressive  strength  of  the  bricks.  Laying 
the  bricks  on  edge  and  breaking  joints  every  third  or  sixth  course  increased  the  strength  considerably. 

Results  of  some  of  theee  tests  are  given  in  the  following  table  which  is  taken  from  Burr's  Elasticity  and  Re- 
sistance of  the  Materials  of  Engineering,  sixth  edition,  page  426. 


CRUsmNo  Strength  of  Brick  Piers  op  VARiotrs  Sizes  Laid  in  Different  Mortars 


Section  of 

Weight  per 

Ultimate 

No. 

Height  of  pier 

pier 

Composition  of  mortar 

cubic  foot 

resistance 

(inohee) 

(pounds) 

Gb.  per  sq.  in.) 

al 

1  ft.  4  in. 

8X8 

1  lime,  3  sand 

137.4 

2520 

a2 

6  ft.  8  in. 

8X8 

1  lime,  3  sand 

133.6 

1877 

a3 

1  ft.  4  in. 

8X8 

136.3 

3776 

a4 

6  ft  8  in. 

8X8 

1  Portland  cement,  3  sand 

135.6 

2249 

a5 

2  ft.  0  in. 

12  X  12 

1  Ume,  3  sand 

1940 

a6 

2  ft.  0  in. 

12  X  12 

1900 

a7 

10  ft.  0  in. 

12  X  12 

1  lime.  3  sand 

131.7 

1511 

aS 

10  ft.  0  in. 

12  X  12 

1  lime,  8  sand 

125.0 

1807 

a9 

2  ft.  0  in. 

12  X  12 

1  Portland  cement,  2  sand 

3670 

alO 

10  ft.  0  in. 

12  X  12 

1  Portland  cement,  2  sand 

132.2 

2253 

&11 

1  ft.  4  in. 

8X8 

1  lime,  3  sand 

135.6 

2440 

bl2 

6  ft.  8  in. 

8X8 

1  lime,  3  sand 

133.6 

1540 

613 

2  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

2150 

614 

2  ft.  0  in. 

12  X  12 

1  lime,  8  sand 

2050 

616 

9  ft.  9  in. 

12  X  12 

1  lime,  3  sand 

131.5 

1118 

616 

10  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

136.0 

1587 

617 

10  ft.  0  in. 

12  X  12 

131.0 

2003 

618 

2  ft.  0  in. 

16  X  16 

1  Portland  cement,  2  sand 

2720 

619 

10  ft.  0  in. 

16  X  16 

1  Portland  cement,  2  sand 

1887 

a.  The  kind  of  brick  used  in  this  test  was  face  brick,  with  an  average  compressive  strength  of  13,925  lb.  per 
sq.  in. 

6.  The  kind  of  brick  used  in  this  teet  was  common  brick,  with  an  average  compressive  strength  of  18,337  lb. 
per   sq.   in. 

MeCatuUand't  TeaU  (Transactions  of  the  Association  of  Civil  Engineering  of  Cornell  University  for  1900). — 
This  investigation  was  composed  of  a  series  of  14  piws,  13  X  13  in.  in  oross-eeotional  dimensions  and  80  in.  high, 
which  were  reinforced  laterally  in  the  horisontal  joints  with  steel  plates,  straps,  or  wire  meshing.  The  mortar  was 
composed  of  1  part  Portland  cement  and  3  parts  sand.  The  bricks  used  had  a  oompreesive  strength  of  3600  lb.  per 
sq.  in.  In  these  tests  it  is  shown  that  the  eflSdencies  of  the  piers  reinforced  with  iron  straps  and  plates  are  less  than 
those  of  the  piers  without  reinforcement.  The  piers  reinforced  with  wire  mesh  in  every  joint  developed  efficiencies 
of  46  %  as  compared  with  30  %  for  thoee  without  reinforcement.  However,  there  is  a  considerable  drop  in  efficiency 
from  the  piers  with  wire  mesh  in  every  joint  and  piers  with  wire  mesh  in  every  second  joint,  which  developed  effi- 
ciencies of  only  33  %. 

The  following  table  of  results  of  McCaustland*s  testa  Is  taken  from  Burr's  Elasticity  and  Resistance  of  the 
Materials  of  Engineering,  sixth  edition,  page  425. 

Macffrtgor^t  TetU  (Tests  made  by  Prof.  J.  S.  Macgregor,  C<dttmbia  University). — The  object  of  this  investiga- 
tion was  to  ascertain  what  proportions  of  cement  and  lime  may  be  used  to  advantage  in  a  cement-lime  mortar  and 
the  effect  of  such  mortars  on  the  ultimate  compreesive  strength  of  brick  masonry.  Seven  sets  of  brick  piers  8  X  8X 
84  in.  were  tested.  Each  set  of  9  piers  represented  a  different  proportion  of  mortar  with  varying  amounts  of  hy^ 
drated  lime.  Each  set  was  composed  of  3  groups  of  3  piers  each,  group  1  being  tested  at  7  days,  group  2  at  28  dt^yu, 
and  group  3  at  90  days.  The  bricks  used  were  hard-burned  face  bricks.  There  were  also  teeted  7  piers  of  common 
brick,  one  for  each  different  mortar.  Theee  piers  served  as  a  cheek  on  the  hard-burned  face  brick  piers,  and 
were  tested  at  the  age  of  28  days.  In  theee  tests  piers  laid  in  a  mortar  compoaed  of  1  part  (25%  lime  and  75% 
Portland  cement)  to  3  parts  sand  by  volume  developed  the  highest  strength.    Piers  laid  in  mortar  composed  of 
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Ultiuatb  Compresbive  Rbsistanceof  13  X  13  X  SO-in.  Brick  Piers  With  Metal 

Reinforcement  in  Horizontal  Joints 
(Built  with  1  : 2  Portland  cement  mortar;  joints  0.3  in.  thick) 


No. 

Kinds  of  joints 

Ultimate  stress 

Efficiency 
per  cent,  of 
single  brick 

Total 

Pounds  per 
square  inch 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Portland-cement  mortar,  1 :2 

Portland-cement  mortar,  1 :2 

194.000 
200.000 

1.160  \ 
1.184/ 

810  \ 

920/ 

780 

843 
1,136  \ 
1.248  / 
1.694  \ 
1.440  / 
1.030 
1.145 

974 

858 

30 

24 

22 
24 

83 
46 

98 

Iron  straps  every  fourth  course 

136.400 
155,400 
130.000 
142,500 
192,000 
208.000 
282,000 
240,000 
174,000 
193,500 
162.000 
143,000 

Iron  straps  every  fourth  course 

Iron  straps  every  sixth  course 

Iron  straps  every  ei^th  course 

Iron  nettins  every  second  course 

Iron  netting  every  second  course 

Wire  netting  every  course 

Wire  netting  every  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

1  part  (50  %  lime  and  50  %  Portland  cement)  to  3  parts  sand  developed  higher  strengths  than  piers  laid  in  1  part 
cement  to  3  parts  sand  mortar. 

The  following  data  are  taken  from  Bulletin  J,  Hydrated  Lime  Bureau  of  the  National  Lime  Manufacturers* 
Association: 

Effect  of  Cement-Limb  Mortar  on  Strength  of  8  X  8-in.  Brick  Piers 


Mortar  mixture  used 


By  volume 


By  weight 


Age  when 
tested  (days) 


Compressive  strength 
Ob.  per  sq.  in.) 


Face-brick 

piers;  each 

result  an 

average  of 

3  tests 


Common-brick 

piers;  1 

test  only 


1  Portland  cement;  3  sand 

0.90  Portland  cement 

0.10  hydrated  lime 

3  sand 

0.85  Portland  cement 

0.15  hydrated  lime 

3  sand 

0.75  Portland  cement 

0.25  hydrated  lime 

3  sand 

0.50  Portland  cement 

0.50  hydrated  lime 

3  sand 

0.25  Portland  cement.  .  . . 
0.75  hydrated  lime 

3  sand 

1  hydrated  lime 

3  sand 


100  Portland  cement;  300 

sand 

90  Portland  cement 

4  hydrated  lime 

300  sand 

85  Portland  cement 

6  hydrated  lime 

300  sand 

75  Portland  cement 

10  hydrated  lime 

300  sand 

50  Portland  cement 

20  hydrated  lime , 

300  sand 

25  Portland  cement 

30  hydrated  Ume 

300  sand 

40  hydrated  lime , 

300  sand 


7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 


2630 
2840 
2840 
3080 
3170 
4435 
2890 
3230 
4300 
3120 
3470 
4170 
2760 
3100 
3820 
1945 
2370 
2720 
1535 
1870 
1950 


1170 


1189 


1340 


1685 


1300 


1032 
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Kr9Uo»**  TuU  (Clay  Worker,  July  1910,  and  August  1016). — ^A  reoant  invatticatlon  by  Prof.  H.  Kreuger  at 
tha  Teohnioal  High  School  in  Stockholm,  although  conducted  on  small  piers,  ia  quite  comprehensive  in  its  scope. 
Thia  investigation  includes  most  of  the  variables  referred  to  in  previous  tests  and  some  tests  were  made  to  study 
the  eflfeot  of  eccentric  loading.  The  piers  tested  were  approximately  11  in.  square,  ranging  in  height  from  6  to  33  in. 
With  bricks  oi  various  strengths  laid  in  1  part  lime  to  3  part  sand  mortar,  the  piers  developed  strengths  of  from 
18.5  to  26.5%  of  tiie  ultimate  compressive  strength  of  bricks.  It  must  be  noted,  however,  that  the  results  ob- 
tained by  Prof.  Kreuger  are  not  comparable  with  results  of  tests  made  in  the  United  States,  since  the  method 
of  testing  the  individual  bricks  is  different.  Prof.  Kreuger's  results  were  obtained  from  compression  tests  on  halves 
of  the  same  brick  cemented  together.  Since  the  compressive  strength  developed  in  this  manner  would  be  con- 
siderably lower  than  in  the  ease  of  a  single  half  brick  tested  flat,  the  efficiency  of  the  pier  would  be  correspondingly 
higner.  Tests  of  the  mortar  used  showed  an  increase  in  strength  from  28  days  to  1  year  of  33  to  165  %,  while  the 
piers  increased  in  strength  in  the  same  length  of  time'only  6  to  17  %.  The  introduction  of  wire  mesh  in  every 
joint  increased  the  strength  88  to  100%.  Piers  loaded  eccentrically  on  one-half  their  bearing  surfaces  failed  at 
1  oads  slightly  under  one-half  the  loads  sustained  by  piers  loaded  concentrically,  and  no  cracking  was  observed  on 
the  so-called  tension  side  of  the  pier. 

The  following  data  are  taken  from  the  Clay  Worker  for  July  1017  and  August  1017.  The  results  have  been 
converted  from  the  metric  to  the  English  units  of  measure  and  retabulated. 


Influence  of  the  Strength  of  Brick 
(Mortar:  1  lime,  3  sand;  age:  28  days) 


\ 

Average  compressive 

%  of  compressive  strength  of  bricks 

No.  of 

Height  of 

Breadth 

strength 

developed  in 

piers 

piers 

of  piers 

(lb.  per  sq. 

in.) 

piers 

tested 

(inches) 

(inches) 

Bricks  used 

Piers 

Minimum 

Maximum 

Average 

5 

34.0 

10.0 

1020 

410 

10.3 

23.7 

21.3 

4 

34.0 

0.5 

2510 

670 

23.7 

20.5 

26.5 

a 

33.0 

0.5 

4040 

880 

20.0 

24.3 

21.8 

5 

33.5 

0.5 

5300 

080 

15.0 

21.2 

18.5 

4 

31.0 

0.5 

7120 

1820 

24.7 

26.2 

25.5 

5 

30.5 

0.0 

8600 

1680 

17.5 

21.6 

10.6 

Influence  of  the  Strength  of  Mortar 
(Mortar:  1  lime,  3  sand;  age:  28  days) 


Pier 
No. 


1 
2 
3 

4 
5 
6 
7 


Compressive  strength 
Qb.  per  sq.  in.) 


Bricks 


4040 
4040 
4040 
4040 
4040 
4040 
4040 


Mortar 


Mortar  mixture 


0 

88 

355 

605 

1280 

1640 

2620 


Compressive 

strength 
Oh.  per  sq.  in.) 


Dry  sand 

1  lime;  3  sand 

2  lime;  1  cement;  0  sand 
1  lime;  1  cement;  6  sand 

1  lime;  2  cement;  0  sand 

2  lime;  1  cement;  7  sand 
1  cement;  3  sand 


740 
740 
1420 
1840 
1700 
1030 
1080 
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iNrLUKNOB  OF  Vabtino  thb  Hxiqht  oi*  thb  Pxaiis 
(Mortar:  1  lime,  3  sand) 


BrMulthof 

Ratio  of 

Pier  no. 

of  brioks 

Pi« 

beichtto 

of  pien 

(lb.  per  sq.  in.) 

(inobee) 

bnadtb 

(lb.  per  aq.  in.) 

1 

3260 

10.6 

4.8 

2340 

2 

3260 

10.6 

8.7 

2820 

8 

8260 

10.6 

13.0 

1940 

4 

8260 

10.6 

17.4 

1620 

5 

8260 

10.6 

21.7 

1090 

6 

3260 

10.6 

26.4 

1020 

7 

8260 

10.6 

80.7 

Broke 

8 

8260 

10.6 

85.4 

780 

9 

8260 

10.6 

80.5 

880 

10 

8260 

10.6 

48.4 

830 

11 

8260 

10.6 

42.8 

750 

12 

8260 

10.6 

63.2 

780 

13 

8260 

10.6 

67.6 

640 

14 

8260 

10.6 

61.8 

610 

15 

3260 

10.6 

65.8 

660 

18 

3260 

10.6 

69.7 

660 

17, 

3260 

10.6 

74.5 

610 

18 

8260 

10.6 

78.8 

610 

Effbct  of  Eccsntbic  Loading 
(Mortar:  1  lime,  3  sand) 


Heisbtof 

pier 
(inobes) 

Breadtb 
of  pier 
(inobea) 

Comprenive 

■trengtb  of  briok 

Gb.  per  eq.  in.) 

Compreasive 

strenctb  of 

morUr 

(lb.  per  eq.  in.) 

Maximum  load 

Concentric  load 
(lb.  per  aq.  in.) 

Eccentric  load 
(lb.  per  aq.  in.) 

33 
83 
31 

9.4 
9.4 
9.4 

4040 
5600 
7100 

60 
60 
60 

890 
1220 
1850 

417 
670 
850 

Teata  made  by  tbe  Bureau  of  Standarda  on  2  pien,  4  ft  aquara  by  12  ft.  bigb,  brick  common  bard  burned,  laid 
in  1:1  cement  mortar,  afea  of  pien  81  and  57  daya,  developed  oompreaaiTe  atrangtha  of  6.680,000  and  1,710,000  lb. 
reapeotively  (Eng.  Rteard,  Marcb  22,  1913). 

Otber  information  on  teata  of  briok  piera  and  brioka  will  be  found  in  U.  8.  Rep.  Teata  of  Metab  1884-0,  Trana. 
Aaaoc.  C.  E.  Cornell  Univ.  1900,  Burr'a  Elaa.  and  Reaiat.  of  Mat.,  Jobnaon'a  Mat.  of  Conatruction,  Bakar'a  Maaoniy. 
Clay  Worker  Jufar-Ausuat  1916,  and  Mar.  1913.  R«fer  to  Amar.  8oe.  Teat  Mat  Rep.  of  Comm.  6-8,  Vd.  15.  015 
for  numeroua  teata  on  building  briok  from  varioua  locatioaa. 


APPENDIX  H 
TESTS  ON  THE  WALLS 

The  followinc  malts  were  determined  by  the  Dei»rtment  of  Applied  Meohanioe,  Univenity  of  Toronto,  on 
tile  manaf aotured  in  thmt  locality.  An  8-in.  wtJl,  8  ft.  wide,  5H  ft.  hiffh,  and  ace  42  days,  failed  under  a  oonoentrio 
load  of  100,000  lb.  when  the  tile  were  laid  with  flues  running  vertioaL  A  similar  wall  but  with  flues  horisontal 
failed  at  120,000  lb.  A  12-in.  wall,  other  dimensions  same  as  prscedins,  age  38  days,  failed  at  190,000  lb.  (Proo.  Am. 
See.  Test.  Mat.  Vol.  XVII,  part  1  Comm.  Reporto.  p.  361-2). 

The  following  are  some  unpublished  results  of  the  Bureau  of  Standards;  tests'  oonduoted  by  B.  D.  Hatheoek. 


Strengths  of  Walls  of  Hollow  Tilbs  in  Cohpbbssion 

All  walls  are  4  ft.  wide  by  12  ft.  high  and  of  thickness  as  shown: 


Thiokness  of 

wall 

(Inches) 

Tile 

Following  values  averages  of  3  tests 

, 

Load  at 

first  sign 

of  distress 

(pounds) 

Maidmum  load 

Compressive 

modulus 

(Lb.  per 

sq.  in.) 

From 

Flues 
laid 

Net  ana 
(sq.  in.) 

ab.  per 
(sq.  in.) 

6 

Ohio 

vertical 

134.0 

125,100 

207,500 

2.220 

1,480,000 

12 

240.0 

430.000 

543.000 

2,260 

1,970,000 

6 

horisontal 

80.0 

43,000 

205,000 

2,570 

3,625.000 

12 

132.5 

56,530 

221,700 

1,670 

3,180,000 

Following  values  averages  of  2  tests 

6 

New  Jersey 

vertical 

152.0 

30,400 

211.000 

i;300 

1,950.000 

12 

256.0 

128,000 

555,000 

2,170 

2,205.000 

6 

horisontal 

90.0 

40,500 

114,000 

1.270 

1,430.000 
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The  following  table  gives  a  record  of  unpublished  tests  made  by  the  Bureau  of  Standards,  eonduoted  by  J.  H. 
Qriffith,  1914-1917,  to  determine  the  lateral  strengths  of  walls  of  dimensions  given.  The  walls  were  vertical  with 
end  lateral  supports.  Transverse  loads  were  applied  over  the  width  at  midheight  with  results  as  shown  in  the  last 
column  of  figures. 

Transvbbsb  Tests  of  Hollow  Tilb  Walls 


Thickness 
(inches) 

Width 

Height 

Construction 

Mortar 

• 

Maximum 

transverse   load 

applied 

12H 

5  ft.  0  in. 

10  ft.  0  in. 

S-in.  tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
H  P»rt  lime 

8760 

12H 

5  ft.  0  in. 

10  ft.  0  in. 

aUtile 

1  part  cement 
8  parts  sand 
yi  part  lime 

4750 

12H 

5  ft.  0  in. 

9  ft.  3  in. 

interlocking 
tile  faced 
with  brick 

1  part  cement 
8  parts  sand 
10%  lime  hydrate 

7600 

12M 

5  ft.  0  in. 

9  ft.  3  in. 

interlocking 
tile  entirely 

1  part  cement « 
8  parts  sand 
10%  lime  hydrate 

6000 

12H 

6  ft.  0  in. 

9  ft.  3  in. 

■        1 

interlocking 
tile  faced 
with  brick 

1  part  cement 
8  parts  sand 
10%  lime  hydrate 

2400 

12 

6  ft.  2  in. 

9  ft.  3  in. 

two  aises  tile  laid  alter- 
nately and  breaking 
joints 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

5176 

12 

5  ft.  2  in. 

9  ft.  3  in. 

5  X  8  X  12-in.  tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
10  %  lime  hydrate 

3185 

These  walls  were  tested  in  a  vertical  position,  being  supported  laterally  at  top  and  bottom.     Lateral  pi 
was  applied  along  the  full  length  of  the  wall  at  midheight  with  a  hydraulic  jack.     The  character  of  failure 
same  in  all  cases,  vii.,  opening  of  joints  on  side  opposite  jack. 


lure 
the 


APPENDIX  I 
STRENGTH  OF  STONE  MASONRY     ' 

^th  moat  stones  oommonly  used  in  building  construction,  the  strength  of  the  stone  itself  is  far  greater  than 
sny  distributed  load  that  will  be  imposed  upon  it.  Any  limitations  of  strength  are  therefore  imposed  either  (1) 
through  faulty  and  uneven  bedding,  or  (2)  through  the  lower  strength  of  mortar  in  which  the  stones  are  set. 

Such  oases  of  failure  of  stone  masonry  as  are  on  record  indicate  that  failure  was  by  tension  of  flexure,  induced 
by  squeesing  out  of  mortar  from  joints,  rather  than  in  compression.  No  experimental  data  has  been  obtained 
except  on  relatively  small  brick  piers  (see  Appendix  O),  but  these  tests  indicate  that  the  mortar  was  in  each  case 
the  weak  element  of  the  combination;  and  that  an  increase  of  50  %  in  the  strength  of  the  brick  produced  no  increase 
of  strength  in  the  structure,  while  substitution  of  cement  for  lime  mortar  increased  the  strength  70  %. 

ABotoabU  Preaaurea  on  Stone  Matenry. — The  following  data  on  foundation  pressures  on  masonry  are  cited 
in  Baker's  Treatise  on  Masonry  Construction: 

"Early  builders  used  much  more  massive  masonry,  proportional  to  the  load  to  be  carried,  than  is  customary 
at  present.  Eixperience  and  exi>eriments  have  shown  that  such  great  strength  is  unnecessary.  The  load  on  the 
monolithic  piers  supporting  the  large  churches  in  Europe  does  not  usually  exceed  30  tons  per  sq.  ft.  (420  lb.  per  sq. 
in.),  or  about  one-thirtieth  of  the  ultimate  strength  of  the  stone  alone,  although  the  columns  of  the  Church  of  All 
Saints  at  Angers,  France,  are  said  to  sustain  43  tons  per  sq.  ft.  (600  lb.  per  sq.  in.).  The  stone-arch  bridge  of  140  ft. 
span  at  Pont-y-Pyrdd,  over  the  Taff,  in  Wales,  erected  in  1750,  is  supposed  to  have  a  pressure  of  72  tons  per  sq.  ft. 
(1000  lb.  per  sq.  in.)  on  hard  limestone  rubble  masonry  laid  in  lime  mortar.  The  granite  piers  of  the  Saltash  Bridge 
sustain  a  pressure  of  9  tons  per  sq.  ft.  (125  lb.  per  sq.  in.). 

*'  The  maximum  pressure  on  the  granite  masonry  of  the  towers  of  the  Brooklyn  Bridge  is  about  28H  tons  per 
sq.  ft.  (about  400  lb.  per  sq.  in.).  The  maximum  pressure  on  the  limestone  masonry  of  this  bridge  is  about  10  tons 
per  sq.  ft.  (125  lb.  per  sq.  in.).  The  face  stones  ranged  in  cubical  contents  from  IH  to  5  cu.  yd.;  the  stones  of  the 
granite  backing  averaged  about  IH  ou.  yd.,  and  of  the  limestone  about  IK  cu  yd.  per  piece.  The  mortar  was  1 
volume  of  Rosendale  natural  oement  and  2  of  sand.  The  stones  were  rough-axed  or  pointed  to  H-m<  bed-joints  and 
H-m«  vertical  face-joints.  ' 

"In  the  Rookery  Building,  Chicago,  granite  columns  about  3  ft.  square  sustain  30  tons  per  sq.  ft.  (416  lb.  per 
sq.  in.)  without  any  signs  of  weakness. 

"  In  the  Washington  Monument,  Washington,  D.  C,  the  normal  pressure  on  the  lower  joint  of  the  walls 
of  the  shaft  is  20.2  tons  per  sq.  ft.  (280  lb.  per  sq.  in.),  and  the  maximum  pressure  brought  upon  any  joint  undei  the 
action  of  the  wind  is  25.4  tons  per  sq.  ft.  (360  lb.  per  sq.  in.). 

"  The  pressure  on  the  limestone  piers  of  the  St.  Louis  Bridge  was,  before  completion,  38  tons  per  sq.  ft.  (527  lb. 
pet  sq.  in.);  and  after  oompletion  the  pressure  was  10  tons  per  sq.  ft.  (273)  lb.  per  sq.  in.)  on  the  piers  and  15  tons 
per  sq.  ft.  (108  lb.  per  sq.  in.)  on  the  abutments. 

*'  The  limestone  masonry  in  the  towers  of  the  Niagara  Suspension  Bridge  failed  under  36  tons  per  sq.  ft.,  and 
were  taken  down, — ^however,  the  masonry  was  not  well  executed. 

"  At  the  South  Street  Bridge,  Philadelphia,  the  pressure  on  the  limestone  rubble  masonry  in  the  pneumatic  piles 
is  16.7  tons  per  sq.  ft.  (220  lb.  per  sq.  in.)  at  the  bottom  and  12  tons  per  sq.  ft.  at  the  top.  The  maximum  pressure 
on  the  rubble  masonry  Qaid  in  cement  mortar)  of  some  of  the  large  masonry  dams  is  from  11  to  14  tons  per  sq.  ft. 
(154  to  195  lb.  per  sq.  in.).  The  Quaker  Bridge  dam  was  designed  for  a  maximum  pressure  of  16^^  tons  per  sq.  ft. 
(230  lb.  per  sq.  in.)on  massive  rubble  masonry  in  best  hydraulic  cement  mortar. 

"  In  the  light  of  the  preceding  examples,  it  may  be  assumed  that  the  safe  load  for  the  different  classes  of  masonry 
ia  about  as  follows,  prondad  each  it  the  heat  of  ita  daaa: 

•  Net  tons  per  sq.  ft.  Lb.  per  sq.  in. 

Rubble 10  to  15  140  to  200 

Bquared-stone 15  to  20  200  to  280 

Limestone  ashlar 20  to  25  280  to  350 

Qranite  ashlar 25  to  30  350  to  400 

Concrete 30  to  40  400  to  550 

AUo%o<Me  Preaaurea  Under  Buiiding  Codea. — Building  codes  of  various  cities  in  the  United  States  vary  widely 
in  regard  to  pressures  allowed  on  stone  masonry.  A  tabulation  of  limits  and  averages  permitted  by  the  codes  of 
six  cities  is  given  on  p.  1442: 
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Kindof  ttoae 

PreMurw 
(tona  per  sq.  ft.) 

High 

Low 

Ayerace 

Qranite— ^ut 

72 
60 
30 

43 
29 
12 

57.5 
38.5 
21.0 

Marbl6  and  liniMtoiid— ^out 

Hard  sandatono— out 

Mr.  Thomaa  Nolan,  in  Kiddor*s  Pocket  Book,  pate  200,  gives  the  following  as  allowable  loads  for  different  kinds 
of  stonework,  and  states  that "  in  determining  the  safe  compressive  resistanoe  of  masonry  from  tests  on  the  ultimata 
compressive  strength  of  the  same  kind,  a  factor  of  safety  of  at  least  10  shoulci  be  allowed  for  piers  and  20  for  arches. " 


Toni  per 
square  foot 

Rubble  walls,  irregular  stones 3 

Rubble  walls,  coursed,  soft  stone 2H 

Rubble  walls,  coursed,  hard  stone 5  to  16 

Dimension-stone,  squared,  in  cement  mortar: 

Sandstone  and  limestone 10  to  20 

Granite \ 20  to  40 

Dressed  stone,  with  M-i&-  dressed  joints,  in  Portland-cement  mortar: 

Granite 60 

Marble  or  limestone,  best 40 

Sandstone 80 


APPENDIX  J 
WORKING  STRESSES  FOR  REINFORCED  CONCRETE^ 

1.  Oenefml  Asstimptiofis.*— The  following  working  Btnmes  are  recommended  for  static  loads.  Proper  allow- 
ances for  vibration  and  impact  are  to  be  added  to  live  loads  where  necessary  to  produce  an  equivalent  static  load 
before  applying  the  unit  stresses  in  proportioning  parts. 

In  selecting  the  permissible  worldng  stress  on  concrete,  the  designer  should  be  guided  by  the  working  stresses 
usually  allowed  for  other  materials  of  construction,  so  that  all  structiures  of  the  same  class  composed  of  different 
materials  may  have  approximately  the  same  degree  of  safety. 

The  following  recommendations  as  to  allowable  stresses  are  given  in  the  form  of  percentages  of  the  ultimate 
strength  of  the  particular  concrete  which  is  to  be  used;  this  ultimate  strength  is  that  developed  at  an  age  of  28 
days,  in  cylinders  8  in.  in  dimeter  and  16  in.  long,  of  the  consistency  described,'  made  and  stored  under  laboratory 
conditions.  In  the  absence  of  definite  knowledge  in  advance  of  construction  as  to  just  what  strength  may  be 
expected,  the  Committee  submits  the  following  values  as  those  which  should  be  obtained  with  materials  and  work- 
manship in  accordance  with  the  recommendations  of  this  report. 

Although  occasional  tests  may  show  higher  results  than  those  here  given,  the  Committeee  recommends  that 
these  values  should  be  the  maximum  used  in  design. 

Table  op  Compressive  Strength  op  Dipfbrbnt  Mixtures  op  Concrete 

(In  Pounds  per  Square  Inch) 


Aggregate 


1  :3" 


1:4H 


1  :6* 


1  :7>s 


1  :9" 


Granite,  trap  rock 

Gravel,  hard  limestone  and  hard 

sandstone 

Soft  limestone  and  sandstone .  . . . 
Cinders 


3,300 

3.000 

2,200 

800 


2,800 

2,500 

1,800 

700 


2,200 

2,000 

1,500 

600 


1.800 

1.600 

1.200 

500 


1.400 

1,300 

1.000 

400 


NoTs. — For  variations  in  the  moduli  of  elasticity  see  Sect.  8. 

*  Combined  volume  fine  and  coarse  aggregate  measured  separately. 


S.  Bearing. — When  compression  is  applied  to  a  surface  of  concrete  of  at  least  twice  the  loaded  area,  a  stress 
of  35%  of  the  compressive  strength  may  be  allowed  in  the  area  actually  under  load. 

8.  Axial  Compression. — (a)  For  concentric  compression  on  a  plain  concrete  pier,  the  length  of  which  does 
not  exceed  4  diameters,  or  on  a  column  reinforced  with  longitudinal  bars  only,  the  length  of  which  does  not  exceed 
12  diameters,  22.5  %  of  the  compressive  strength  may  be  allowed. 

(6)  Columns  with  longitudinal  reinforcement  to  the  extent  of  not  less  than  1  %  and  not  more  than  4  %  and  with 
lateral  ties  of  not  less  than  >4  in.  in  diameter,  12  in.  apart,  nor  more  than  16  diameters  of  the  longitudinal  bar: 
the  unit  recommended  for  (a). 

(c)  Columns  reinforced  with  not  less  than  1  %  and  not  more  than  4%  of  longitudinal  bars  and  with  circular 
hoops  or  spirals  not  lees  than  1  %  of  the  volume  of  the  concrete  and  as  hereinafter  specified':  a  unit  stress  55  %  higher 
than  given  for  (a),  provided  the  ratio  of  unsupported  length  of  column  to  diameter  of  the  hooped  core  is  not  more 
than  10. . 

4.  Compression  in  Extreme  Fiber. — The  extreme  fiber  stress  of  beam,  calculated  on  the  assumption  of  a 
constant  modulus  of  elasticity  for  concrete  under  worlung  stresses  may  be  allowed  to  reach  32.5%  of  the  compres- 
sive strength.     Adjacent  to  the  support  of  continuous  beams,  stresses  15  %  higher  may  be  used. 

^  From  Final  Report  of  the  Special  Committee  on  Concrete  and  Reinforced  Concrete  of  the  American  Society 
of  Civil  Engineers,  presented  before  the  Society.  Jan.  17,  1917. 

*  The  materials  should  be  mixed  wet  enough  to  produce  a  concrete  of  such  a  consistency  as  will  flow  sluggishly 
into  the  forms  and  about  the  metal  reinforcement  when  used,  and  which,  at  the  same  time,  can  be  conveyed  from 
the  mixer  to  the  forms  without  separation  of  the  coarse  aggregate  from  the  mortar.  The  quantity  of  water  is  of 
the  greatest  importance  in  securing  concrete  of  maximum  strength  and  density;  too  much  water  is  as  objectionable 

too  little. 

*  See  Art.  7,  Sect.  8. 
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6.  Shear  and  Diagonal  Tension. — In  calciilations  on  beams  in  which  the  maximum  shearing  itreas  in  a 
section  is  used  as  the  means  of  measuring  the  resistance  to  diagonal  tension  streas,  the  following  allowable  values  for 
the  maximum  yertioal  shearing  stress  in  concrete,  calculated  by  the  method  given  in  formula  (22 )*  are  recommended: 

(a)  For  beams  with  horizontal  bars  only  and  without  web  reinforcement,  2  %  of  the  compressive  strength. 

(6)  For  beams  with  web  reinforcement  consisting  of  vertical  stirrups  looped  about  the  longitudinal  reinforcing 
bars  in  the  tension  side  of  the  beam  and  spaced  horizontally  not  more  than  one-half  the  depth  of  the  beam;  or  for 
beams  in  which  longitudinal  bars  are  bent  up  at  an  angle  of  not  more  than  45  deg.  or  less  than  20  deg.  with  the 
axis  of  the  beam,  and  the  points  of  bending  are  spaced  horizontally  not  more  than  three-quarters  of  the  depth  of  the 
beam  apart,  not  to  exceed  4H%  of  the  compressive  strength. 

(e)  For  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  the  reinforong  bars  in  the  tension  side 
of  the  beam  and  spaced  horisontaUy  not  more  than  one-half  of  the  depth  of  the  beam,  5%  of  the  eompreMive 
strength. 

(d)  For  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to  the  longitudinal  bars 
in  the  tension  side  of  the  beam  in  such  a  way  as  to  prevent  slipping  of  bar  past  the  stirrup,  and  spaced  horisontally 
not  more  than  one-half  of  the  depth  of  the  beam  in  case  of  vertical  stirrups  and  not  more  than  three-fourths  of  the 
depth  of  the  beam  in  the  case  of  inclined  members,  either  with  longitudinal  bars  bent  up  or  not,  6  %  of  the  compres- 
sive strength. 

The  web  reinforcement  in  case  any  is  iised  should  be  proportioned  by  using  two-thirds  of  the  external  vwtical 
sheur  in  formulas  (24)*  or  (25)*.  The  e£fect  of  longitudinal  bars  bent  up  at  an  angle  of  from  20  to  45  deg.  with  the 
axis  of  the  beam,  may  be  taken  at  sections  of  the  beam  in  which  the  bent-up  bars  contribute  to  diagonal  tension 
resistance,  as  reducing  the  shearing  stresses  to  be  otherwise  provided  for.  The  amount  of  reyluction  of  the  shearing 
stress  by  means  of  bent-up  bars  will  depend  upon  their  capacity  but  in  no  case  should  be  taken  as  greater  than  4H  % 
of  the  compressive  strength  of  the  concrete  over  the  effective  cross  section  of  the  beam  (formula  22)*.  The  limit 
of  tensile  stress  in  the  bent-up  portion  of  the  bar  calculated  by  formula  (25)*,  using  in  this  formula  an  amount  df 
total  shear  corresponding  to  the  reduction  in  shearing  stress  assumed  for  the  bent-up  bars,  may  be  taken  as  specified 
for  the  working  stress  of  steel,  but  in  the  calculations  the  stress  in  the  bar  due  to  its  part  as  longitudinal  reinforce- 
ment of  the  beam  should  be  considered.  The  stresses  in  stirrups  and  inclined  members  wben  combined  with  bent- 
up  bars  are  to  be  determined  by  finding  the  amount  of  the  total  shear  which  may  be  allowed  by  reason  of  the  bent 
up  bars,  and  subtracting  this  shear  from  the  total  external  vertical  shear.  Two-thirds  of  the  remainder  will  be  the 
shear  to  be  carried  by  the  stirrups,  using  formulas  (24)*  or  25*. 

Where  punching  shear  occura,  provided  the  diagonal  tension  requirements  are  met,  a  shearing  stress  of  6%  of 
the  compressive  strength  may  be  allowed. 

t.  Bond. — The  bond  stress  between  concrete  and  plain  reinforcing  bars  may  be  assumed  at  4  %  of  the  com- 
pressive strength,  or  2%  in  the  case  of  drawn  wire.  In  the  best  types  of  deformed  bar,  the  bond  stress  may  be 
increased,  but  not  to  exceed  5  %  of  the  compressive  strength  of  the  concrete. 

7.  Reinforcement. — The  tensile  or  compressive  stress  in  steel  should  not  exceed  16,000  lb.  per  sq.  in. 

In  structural  steel  members,  the  working  stresses  adopted  by  the  American  Railway  Engineering  Association 
are  recommended. 

8.  Modulus  of  Elasticity. — The  value  of  the  modulus  of  elasticity  of  concrete  has  a  wide  range,  depending  on 
the  materials  used,  the  age,  the  range  of  stresses  between  which  it  is  considered,  as  well  as  other  conditions.  It  is 
recommended  that,  in  computations  for  the  position  of  the  neutral  axis,  and  for  the  resisting  moment  of  beams, 
and  for  compression  of  concrete  in  columns,  it  be  assumed  as: 

(a)  One-fortieth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  not  more  than  800  lb.  per  sq.  in. 

(b)  One-fifteenth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  800  lb.  per  sq.  in.  and 
less  than  2200  lb.  per  sq.  in. 

(c)  One-twelfth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  2200  lb.  per  sq.  in.  and 
less  than  2000  lb.  per  sq.  in.,  and 

(d)  One-tenth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  2000  lb.  per  sq.  in. 
Although  not  rigorously  accurate,  these  assumptions  will  give  safe  results.     For  the  deflection  of  beams  which 

are  free  to  move  longitudinally  at  the  supports,  in  using  formulas  for  deflection  which  do  not  take  into  account  the 
tensile  strength  developed  in  the  concrete,  a  modulus  of  one-eighth  of  that  of  steel  is  recommended. 

V 

*  Vertical  web  reinforcement, 

^       ^'» 

>  Bars  bent  up  at  angles  between  20  and  45  deg.  with  the  horizontal  and  web  members  inclined  at  45  deg., 


(See  Standard  Notation,  Appendix  A,) 


«      3  ^'« 
^-4ld 
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Aberthaw  Construction  Co.,  1046 
Abram»-HBrder  test  for  sands,  956 
Absolute  maTinnim  moment,  definition,  34 
Aooufltios  of  buildings,  747-763 

action  of  sound  in  a  room,  747 

conditions  for  perfect  aeoustics,  747 

oorrection  of  faulty  acoustics.  748 

edioes  in  an  auditorium,  749 

effect  of  ventilation  system,  750 

experimental  investigation,  761 

formula  for  intensity  and  reverberation,  747 

interference  and  resonance,  760 

nou'transmission  of  sound,  761 

sound  absorbing  coefficients,  table,  748 

sound-proof  rooms,  762 

transmission   and    reflection   of   sound,   table, 

752 
vibrations  in  buildings,  763 
wires  and  sounding  boiuds,  750 
Aggregates,  concrete,  952-967 
Air.  1083 

dew  point,  1083 
humidity.  1063 
table  of  properties,  1084 
Air  compressors,  879 

lift  pumps.  1202-1206 
line  vacuum  heating  sjrstems,  1124 
painting  equipment,  880-881 
riveters,  877 
AUgnum  Fireproof  P*roducts  Co.,  doors,  633 
Alitis,  Arthur  E..  on  Estimating  steel  buildings,  1028- 

1044 
Allen.  J.  R..  1004,  1176.  1176 
Allen.  J.  Turley,  929 
Allowable  stress,  definition  6 
American  Blower  Co.,  1140.  1160 
American  Bridge  Co.,  beam  sketches,  321 
column  formula,  116 
data  on  chains,  886 

recessed  pin  nuts,  and  cotter  pins,  tables,  298 
rivet  spacing  otandaid,  table,  260 
roof  tniss  sections,  462 
stagger  of  rivets,  table,  277 
standard  for  rivets,  and  bolts,  262, 263, 260, 271 
structural  rivets,  bolt  heads  and  nuts,  262,  263 
unit  stresses  on  bolts.  271 
American  Concrete  Institute,  ruling  on  flat  slab  con- 
struction. 434 
on  steel  columns  in  concrete,  211 
specifications  for  concrete  building  stone,  1417- 
^  1419 

American   Institute  of  ArcHitecta,  report  on  school 
buildings.  758 
symbols  for  wiring  plans.  1313 
American  Radiator  Co..  1152.  1153.  1162 
American  Railway  Engineers  Assoc.,  column  formula. 
116 
computing  deflection  of  beams,  100 
fcmnula    for    wooden   columns,    196,    197, 

199,  200 
working  stresses  for  roof  trusses,*  506 


American   Railway  Engineers  Assoc.,  working  unit 

stresses  for  structural  timber,  892 
American  Rolling  MiU  Co.*,  940,  944,  946 
American  Steel  ^  Wire  Co.,  964 
American  System  of  Reinforcing,  961,  966,  975 
American  Telephone  and  Telegraph  Co.,  1390, 1391, 1393 
American  Water  Softener  Co.,  1184.  1186 
American  Waterworks  Association.  1214 
Anchors  for  beams  and  girders.  229 
Ani^  connections  for  beams,  286,  404 
Arch,  three-hinged,  reactions  of.  21 

stresses  in,  66 
Arched  roof  trusses,  660-578 
Arches,  floor,  «e«  Fire-resistive  floor  construction. 

masonry,  29(^-304 
Architects*  contracts,  1073 
rates  for  service,  1064 
Architectural  design,  711-722 
color  and  ornament,  712 
Gothic  system,  712 
modem  styles,  722 
orders  of  architecture,  713 
ornament,  Gothic,  713 

Renaissance,  721 
Renai^Banoe  style,  713 
style,  712 
theoiy  of,  711 
jSm  cUbo  Public  buildings. 
Architectural  practice,  1064-1067 

architects'  rates  for  service.  1064 
contracts  for  building,  1066 
employment  of  architects.  1066 
financing  of  a  building  project,  1067 
schedule  of  building  costs.  1067 
Architectural  terra  cotta,  994-1000 
assembling,  996 
cleaning  down,  1000 
manufacturing  processes,  994 
pointing,  1000 
protection  in  shipping,  996 
raw  materials,  994 
setting,  999 

sises  and  characteristics,  996 
surfaq^  finish  and  color.  996 
washes,  flashings,  anchors,  hangers,  etc,  990 
Arm  of  a  couple,  definition,  8 
Asbestos  roof  coverings.  S95,  696 
sheathing  papers,  1019 
shingles,  692 
Ashlar  jointing,  612 
Asphalt  floors,  461 
Auditoriums,  ventilation  in,  1136 
Austin  Company,  794-798 
Auto  trucks  for  transporting  materials,  848 
Automobiles,  clearances  for,  800-802 
Axial  stress,  definition,  4 

Babcook,  Q.  H.,  1161 
Bailey,  Frank  S.,  46 
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Balconies,  662-668 
brackets,  668 
cantilevers,  662 
curved,  666 
effect  of  bracket  on  columns,  and  on  side  of  girder, 

665.  666 
floor  framing,  666 
theatre  balcony  framing,  667 
Ballinger  and  Perrot,  704,  796,  797 
Bank  vaults,  619 
Bar  threading  machines,  883 
Bars,  steel,  definition,  95 
Barns,  design  of,  776-778 
Basement  floors,  in  mill  construction,  397 
Bases  for  columns  on  masonry.  227-229 

wooden  columns,  201 
Bates,  H.  P.,  on  elevators,  1361-1380 
Bath  tubs,  1250 
Beam,  definition,  2 

Beams,  deflection  of,  under  unsymmetrical  bending,  93 
fiber  stress  coeflicients  for,  90 
properties  of  sections,  96-98 
reactions  of,  20 

Sw  alto  Reinforced-concrete  beams,  Steel  beams, 
Wooden  beams. 
Beams,  restrained  and  continuous,  42-49 

assumption  in  design  of  continuous  beams.  42 
cast  iron.  45 
concentrated  loads,  46 
concrete,  45 

continuous  beam  practice,  46 
deflection,  49 
general  information,  42 
internal  stresses,  49 
shear  and  moment  considerations,  46 
shoring,  48 
steel,  45 

three-moment  equation,  43 
wood,  45 
Beams,  simple  and  cantilever,  34-41 
bending  formula,  36 

for  concrete,  37 
bond  in  concrete  beams,  39 
deflection,  40 
design,  method  of,  34 

of  wooden,  cast-iron,  and  steel  beams  for 
moment,  36 
diagonal  compression  and  tension,  39 
flange  buckling,  40 
horizontal  shear.  38 
moment  of  inertia.  35,  36 
shear,  138 

shear  variation  in  concrete  beams.  39 
shear  variation  in  wooden  and  steel  beams.  38 
spacing  of  bars  in  concrete  beams.  39 
summary  of  formulas  for  internal  stresses,  41 
unsymmetrical  bending,  41 
vertical  and  horisontal  shear,  relation  between. 

39 
vertical  shear,  38 
Bearing  at  ends  of  wooden  beams,  100 
Bearing  plates  and  bases.  227-229 

anchors  for  beams  and  girders,  229 
cast  bases,  228 
expansion  bearings,  228 
hinged  bolsters,  228 
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Bearing  plates  and  bases,  simple,  237 
Bending  moment,  definition,  22 
of  cast-iron  lintels,  124 
of  ooncrete  beams,  127 
of  steel  beams,  115 
of  wooden  beams,  table.  107-108 
See  also  Wind  bracing  of  buildings. 
Bending  and  direct    stress,  concrete   and   reinforced 
concrete,  68-79 
wood  and  steel,  64-68 
Bending  stress,  definition,  5 
Bending,  unsymmetrical,  79-94 

construction  of  S-polygons,  83 
deflection  df  beams.  93 
fiber  stress  coefficients  for  beams,  90 
flezural  modulus,  81 

formulas  for  fiber  stress  ^nd  neutral  axis,  79 
investigation  of  beams,  89 
8-line  and  S-polygons,  81 
solution  of  problems,  86 
variation  in  fiber  stress.  92 
Bent  rods  for  concrete  work,  marking,  411 
Berg,  E.  J.,  1399 

Berger  Manufacturing  Co..  940,  944,  973 
Betelle,  J.  O.,  on  School  planning.  754-765 
Bethlehem  Steel  Co..  colunm  rolled  by,  98 
Bethlehem  steel  shapes,  manufacture  of,  95 

properties  of,  96 
Biel.  R..  1109 

Birnbaum's  tests  on  wood  screws,  239 
Blake-Knowles  brass  foundry,  785-786,  780 
Blowers,  ventilating,  1150 
Boat  spikes.  231,235 
Boilers,  fuels,  and  chimneys,  1151-1166 
boiler  efliciency.  1155 

trimmings,  1154 
boilers,  types  of ,  1151 
oast-iron  boilers.  1153 
check  valves,  1155 

chimney  dimensions,  for  residences,  1163 
chimneys,  1157 
coal,  storing  and  piling,  1156 
combustion  of  fuel,  1156 
connecting  two  boilers,  1154 
determining  siie  of  chimneys  for  power,  1159 
draft,  induced  and  forced,  1164 

loss  in  fire,  1158 
economisers,  1164 
equivalent  evaporation,  1155 
feed  pump,  1155 
fire-tube  boilers,  1152 
fuel,  1155 

consumption,  1156 
grate  areas  of  boilers,  1153 
heating  surfaces  o(  boilers,  1 152 
height  of  chimneys  and  horsepower,  1157 
rating  of  boilers,  1153 
requirements  for  perfect  boiler,  1151 
residence  chimneys,  1160 
Scotch  marine  boiler,  1152 
settings  of  boilers,  1152 
shipping  and  erection,  1155 
smoke,  1156 

stokers,  mechanical,  1165 
water-tube  boilers,  1152 
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Bolts,  door,  1024 
kinda  of,  232 

lateral  resistanee.  232,  240 
resifltanoe  of  timber  to  pressure  from,  248 

to  withdrawal,  244 
resistinK  moments,  240 
sises  of  machine*  table,  287 
tensile  strength,  288 
Bolts  for  steel  members.  260-271 

compared  with  rivets.  270 
grip.  262 
unit  stresses,  271 
use  of.  271 

8«€  also  Splices  and  eonneotions  for  steel  mem- 
bers. 
Bond  streus.  definition.  6 

in  reinforced  concrete  construction,  184 
Borings  for  foundations,  d47,  348 
Boston  Manufacturers  Mutual  Insurance  Co..  884 
Bostwick  Steel  Lath  Co..  940.  045 
Box  girders,  182-189 

Boyd,  D.  K..  on  Axchiteetural  terra  cotta,  994-1000 
on  Brick.  912-017 

on  Building  and  sheathing  papers,  etc..  1018-1020 
on  Building  hardware,  1020-1026 
on  Lime,  lime  plaster  and  lime  mortar,  026 
on  Metal  lath.  939^947 
on  Structural  terra  cotta.  917-919 
Bracing  buildings  against  wind,  661-«62 

trusses,  384 
Braf:kets  for  balconies.  663 
Bragg,  J.  Q.,  tests  on  brick  piers.  1430-1488 
Branne,  John  S.,  on  Roof  drsdnage,  509-608 
on  RoofH  and  roof  coverings,  588-598 
on  Skylights  and  ventilators.  608-608 
Brick.  912-917 
cement,  916 
classes  of,  912 

olasidficaticn  by  physicsl  properties.  914 
color,  912 

crushing  strength.  914 
enameled,  916. 
fire,  916. 

clay,  916 
fire-resistance  of,  338 
glased,  917 
manufacture  of,  913 
patented  interlocking.  017 
paving.  916 
quality.  914 
raw  material,  913 
•  sand  lime,  915 
size  of.  915 
slag.  016 
Brick  floors,  449 
partitions,  619 

piers,  teats  on,  1430-1438  ' 

veneer  walls.  615 
walls,  610 
table  of  strsss,  611 
Brick  work.  827-829 

bonding  face  to  backing,  827 

cost  of,  103«i 

estimating,  1056 

location  of  mortar  supply,  827 
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Brick  work,  material  elevators.  828 
progress  of  work,  829 
scaffolding,  828 

serving  materials  to  masons,  828 
swinging  scaffolds.  828 
Bridge  construction,  effect  of  floor  beams,  26 
Bridging,  in  floor  construction,  377 
Brocket t,  D.,  1190 
Brown  Hoisting  Machinery  Co..  073 
Bubbling  fountains,  1254-1256 
Buckets  for  excavating,  840 
Buckling  of  web,  115 
Bucsmis  shovels.  835-836 
Buffalo  Wire  Works  Co.,  946 
Building  and  sheathing  papers,  etc.,  1018-1020 
building  papers.  1019 
felt  papers,  1019 
for  frame  walls,  615 
insulators  and  quilts,  1010 
mineral  wool,  1020 
sheathing  papers,  1019 
uses.  1018 
Building  hardware,  1020-1026 
adjusters,  1023 
bolts,  door,  1024 ' 
butts  or  hinges,  1022  • 

color  or  finish  of  finishing  hardware,  1020 
finishing.  1020 

hand  and  bevel  of  doors,  1025 
locks.  1021 

materials  of  building  hardware,  1020 
miscellaneous.  1025 
rou«h,  1020 
window  pulleys,  1024 
Building  materials,  887-1026 

architectural  terra  cotta,  994-1000 
brick.  012-917 

building  and  sheathing  papers,  etc..  1018-1020 
hardware,  1020-1026 
stone,  898-911 
cast  iron,  919-921 
cement.  947-952 

mortar  and  plain  concrete.  978-986 
concrete  aggregates  and  water,  952-957 
building  stone,  987-994 
reinforcement,  958-977 
glass  and  glasing,  1004-1010 
gypsum  and  gypsum  products,  034-039 
htjllow  buUding  tile.  917-919 
lime,  lime  plaster,  and  lime  mortar,  926-930 
metal  lath.  939-947 

pain^,  stain,  varnish,  and  whitewash,  1011-1018 
reinforced  concrete,  086-987 
steel.  922-926 

structural  terra  cotta,  917-919 
stucco,  930-934 
titing,  1000-1003 
timber,  887-898 
wrought  iron.  922 
Building  methods,  •««  Construction  methods. 
Building  site,  preparation  of,  807-809 

location  of  reference  points,  807 
photographs,  808 
removal  of  pipes,  wires,  etc.,  808 
wrecking,  808 
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Bmlding  stones.  898-011 

abrasive  resistance,  905 
absorption,  901 
carborundum  machines,  908 
color,  900 

corrosion  by  gases,  906 
crushing  strength/  903 
diamond  saw,  908 
dressing  machines,  907 
durability,  907 
elasticity,  904 
fire  resistance,  905 
frost  resistance,  904 
gang  saw,  907 
granite,  908 

gritting  and  polishing  machines,  008 
hardness,  900 
igneous  rock,  908 
lathes,  90S 
limestones,  910 
marbles,  910 

microscopic  examination,  900 
minerals  in,  898 
permeability,  902 
planing  machines,  908 
polish,  901 
porosity,  901 

properties  and  testing,  900  • 
distribution  and  uses,  908 
quarry  water,  902 
rocks  used  for,  899 
rubbing  bed,  908 
sandstones,  909 
shearing  strength,  904 
slate,  911 

tests  for,  906 
softening  effect  of  water,  905 
sonorousness,  906 
specific  gravity,  905 
strength,  903 
styles  of  dressing,  907 
texture,  900 

transverse  strength,  904 
weight  per  cubic  foot,  905 
Building,  system  and  control  in,  803-^807 

cost  data,  standard  manual  for,  806 
daily  reports  and  diaries.  807 
elements  of  time  schedule,  803 
stages  of  building  operations,  804 
time  involved,  804 
time  schedule,  803-806 
working  estimate,  806 
Buildings,  types  of,  332 
Built-in  beam,  definition,  2 
Built  up  wooden  columns,  197 

girders,  173-174 
Burr,  W.  H.,  formulas  for  wooden  columns,  197 
Burt,  H.  J.,  on  Balconioi,  662-668 

on  Long  span  construction,  669-676 
on  Steel  floor  and  roof  framing,  397-410 
on  Tanks,  645-651 

on  Wind  bracing  of  buildings,  651-662 
Butt  joints.  271-279 
Buttresses.  305-308 
Butts,  1022 
Byers  Co.,  1172 
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Caisson  excavation,  813 
Caissons,  open,  365 
Caissons,  pneumatic,  3C1-366 
concrete,  864 
cutting  edges,  363 
designs,  862 
sealing  the  caisson,  365 
shafts,  365 
steel,  363 

water-tight  oellan,  365 
wood,  364 
Camber  in  trusses,  825 
Cambria  Steel  Handbook,  formulas,  116 
Cantilever  beams,  84-41 
definition,  2,  24 
for  balcony,  662 
Cap  construction,  in  concrete  work,  488 
Carnegie  Steel  Co.,  steel  column  rolled  by,  98 
Carpenter,  H.  V.,  1092 

Carpenter,  R.  C,  table  of  chinmey  dimensions,  1163 
table  of  properties  of  air,  1084 
table  of  quantity  of  air  discharged  through  flue, 
1117 
Carpentry,  cost  of,  1039 
Carrier  Engineering  Corporation,  1885 
Cast  bases  on  masonry,  228 
Cast  iron,  919-921 

design  of  casting,  921 
factor  of  safety  of,  5 
gray  iron,  930 
kinds.  919 
malleable,  921 

manufacture,  methods  of,  919 
semi-steel,  921 
shrinkage  stress,  6 
stress-deformation  diagram  ^w,  4 
'     white  iron,  921 
Cast-iron  columns,  202-205 

bracket  connections,  204 
caps  and  bases,  204 
design  of,  203 

formulas  for  unit  stresses,  208 
inspectTon  of  203 
manufacture  of,  202 
properties  of,  202 

tables  of  standard  connections,  205 
teats  of,  203 
use  of,  202 
Cast-iron  lintels,  123-126 
bending,  124 
cross  section,  124 
illustrative  problems,  125 
loads  supported.  124 
proportions,  124 
shear,  124 

strength,  table  of,  125,  126 
working  stresses,  124 
Cast-iron  sections,  properties  of,  98 
Catch  basins,  502 
Cement,  947-952 
bulk,  use  of,  952 
chemical  analysis,  951 
compressive  strength,  950  ' 

containers  for,  951 
fineness,  949 
grappier,  948 

Paget  803-1444,  Tol.  II. 


INDEX 


1449 


Cement,  hydraulio  lime,  047 
natural,  048 
normal  oonsistenoy,  OM 
Portland.  048,  040,  1408 
puxsolan,  048 
seasoning,  052 
slag  cement,  048 
soundness,  051 
specific  gravity,  051 
specifications,  061,  1408 
storing,  051 
tensile  strength,  050 
testing,  040 
time  of  setting,  050 
weight,  052 
Cement  floors,  450 

gun,  882 
Cement  mortar  and  plain  concrete,  078-086 

curing  conditions,  effect  on  strength,  085 
density  and  strength,  083 
formative  processes  in  concrete,  078 
impurities  and  strength,  088 
mixing  and  placing  concrete,  080 


Chimneys  for  power  plants.  1157 

guyed  steel  stacks,  600 

height  and  siso,  for  residences,  1163 

height,  horsepower,  and  areas,  table,  1167 

ladders,  600 

large,  linings  for,  601 

lightning  conductors,  600 

residence,  1160 

shape,  601  ^ 

sise  and  height,  601 

small,  construction  of,  601 

steel  stacks,  607 

temperature  reinforcement,  601 
Chipping  tools,  878 
Chord  of  roof,  2 
Churches,  737 
Cisterns.  1211 
City  buildings,  foundations  for,  364 

halls,  design,  723 

water  lifts,  1207 
Civic  centers,  786 
Clapboard,  616 
Cla>  tile  roofing,  606 


placing  concrete  and  its  relation  to  quality,     Clearances  for  freight  tracks  and  automobiles,  800>802 


081 
qualities  of  concrete,  078,  081 
quantities  of  materials  per  cubic  yard,  086 
strength  values  of  neat  cement  and  mortars, 

082 
strengths  of  concrete,  average,  083 
tensile  and  compressive  strengths,  083 
time  required  to  produce  cementing  s<du- 

tions,  070 
University  of  Illinois  tests,  084 
University  of  Wisconsin  tests,  084 
water,  excess  and  sufficient,  070 
Watertown  Arsenal  tests,  084 
weight  of  mortar  and  concrete,  086 
Cement  tile  roofing,  606 
Center  of  moments,  definition,  7 

of  gravity,  definition,  16 
Centroid  of  an  area,  16 
Ceramic  mosaic  floors,  460 
Chains  and  chain  tackle,  886 
Chanelath,  072 

Charitable  purpose  buildings,  744 
Charles.  S.  A.,  1107 

Chessman,  G.  H.,  on  Elevators,  ISfll-^ldSO 
Chemical  closets,  1238-1242 
industries,  701 
plumbing,  1240 
stains,  1016 
Chicago  boom,  873 

Chicago  Building  Ordinance,  fire  protection  rules.  330 
for  long  columns,  213 
table  of  stress  on  brick  work,  611 
Chimney  space,  framing  for,  408 
Chimneys.  601-600,  1157-1164 
breech  opening,  sise  of,  601 
brick  stacks,  602 
capacity  of  commercial  tile  as  chimney  liningSf 

1162 
concrete  stack,  603 
design  of,  602 

determining  sise  for  power,  1150 
draft  loss  in  fire,  1158 


Clewell,  C.  £.,  1338 

Clifford,  W.  W.,  on  Concrete  deUiling,  321-331 

on  Restrained  and  continuous  beams,  42-40 

on  Simple  and  cantilever  beams,  34-41 

on  Steel  shapes  and  properties  of  sections,  06-08 

on  Stress  and  deformation,  3-6 
Clinton  Wire  Cloth  Co.,  046,  063 
Closets,  toilet,  see  Waterless  toilet  conveniences 
Club  houses,  design,  726 
Cochrane,  V.  H.,  277 
Coefficient  of  elasticity,  definition,  3 

of  expansion,  definition,  6 
Cofferdams,  361 
Cold  storage  plants,  1388-1380 
partitions  in,  622 
refrigerator  duors  in,  631 
waUs  for,  617 
Color  pigments,  1C12 
Colosseums,  design,  726 
Column,  definition,  2 
Columns,  68-64 

application  of  column  loads,  60 

bearing  plates  for,  227 

cast-iron,  202-206 

column  formulas,  64 

columns  and  struts,  50 

concrete,  210-227.  326 

connections  with  girders,  257 

end  conditions,  60 

Euler's  formula,  60 

fire-resistive  construction,  340-342 

formulas.  60.  62 

Gordon's  formula,  61 

loads.  68 

parabolic  formula,  62 

Schneider's  reduction  of  live  load,  68 

steel.  08,  206-200 
column  formulas,  62 

straight-line  formula,  62 

stresses  due  to  concentric  loading,  60 

timber  column  formulas,  64 

wooden.  105-202 
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Combined  Btreflses,  definition,  4 
Tomfort  stationa,  public,  769-775 
Ck>mmunioatins  systems.  1390-1307 
Components  of  a  force,  definition,  7 
Composite  order  of  architecture,  718 
Composition  of  forces,  definition,  7 

floors,  451 
Composition  of  concurrent  forces,  8,  0 
algebraic  method,  13 
graphical  method,  12 
Compression,  definition,  3 

flange,  lateral  support  of,  116 
members,  splicing,  279 
splices,  254 
Compressive  stress,  definition,  3 
Compressors,  air,  879 
Concentrated  force,  definition,  7 

load  systems,  shears  and  moments,  32 
Concrete,  bending  and  direct  stress,  68-79 
coefficient  of  expansion,  6 
factor  of  safety  of,  5 
fire-resistance  of,  338 
plain,  978-986.    See  aUo  Cement  mortar  and  plain 

concrete, 
reinforced,  tee  Reinforced  concrete, 
shrinkage  stress,  6 
strength  of, '5 

stress  deformation,  diagram  for,  4 
unit  price  of,  in  building,  1058 
Concrete  aggregates  and  water,  952-957 
Abrams-Harder  test,  956 
blast-furnace  slag,  955 
cinders,  955 
elaasifi  cation,  952 
coarse  aggregates,  materials  suitable  for,  953 

required  shape  and  sise,  956 
crushed  stone  and  screenings,  955 
fine  aggregates,  materials  si^table  for,  965 

required  shape  and  sise.  956 
general  requirements,  952 
granite,  953 
gravel,  954 
igneous  rooks,  953 
impurities  in,  957 
.  limestone,  954 

metamorphic  rocks,  954 
qualities  of  coarse  and  fine  aggregates,  953 
■  sand,  organic  contamination  of,  956 
sands,  test  for  quality  of,  956 
sandstone,  954 
sea  sand,  955 
sedimentary  rocks.  953 
trap  rock,  953 
water,  957 
Concrete  beams,  bending  formulas,  37 

iSee    aieo    Beams,    restrained    and    continuous; 
Beams,   simple   and    cantilever;    Reinforced- 
conorete  beams. 
Concrete  building  stone,  987-994 
consistency,  989 
dry-tamp  method,  988 
grades,  987 

manufacture,  methods  of.  988 
materials,  991 

ornamental  work  from  special  molds,  991 
pressure  method,  989 
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Concrete  building  stone,  standard  units,  990 

standards  and  specifications,  993,  1417-1419 

surfaces,  991 

trim  stone,  991 

uses  of  cheaper  grades,  988 

wet-east  method,  989 
Concrete  buildings,  estimating,  1045- 1U63 

wiring  for  electricity,  1315-1316 
Concrete  columns,  210-227 

bending  column  bars,  213 

column  graphs,  215 

Emperger  columns,  212.  217 

lap  on  column  bars.  213 

long  columns,  213 

plain,  210 

plotting  graphs,  215 

provision  for  additional  stories.  214 

reinforcement  at  base,  213 

spiral  spacing  bars,  213 

tables,  214 
structural  steel  and  concrete,  211 
supporting  long-span  beams.  214 
tables  of  areas  and  weights,. 219-226 

of  areas  of  circles,  227 

of  safe  loads,  217 

of  volume.  218 
types,  210 
Vtftical  bars  and  ties,  210 

steel  and  spiral  reinforcement,  211 
Concrete  construction  methods,  818^823 
bonding  new  to  old  concrete,  822 
continuous  beams.  45 
effects  of  weather,  823 
finishing  concrete  surfaces,  822 
floor  arch  systems,  823 
forms  ior,  818 
grinding  surfaces,  822 
handling  and  storing  materials.  820 
measurement  of  materials,  821 

mixing  concrete,  821 
placing  of  concrete,  821 
removing  form  marks,  822 
repairing  surface  honey-comb,  822 
special  surface  finishes,  822  • 

transporting  concrete,  821 
See  also  Flat  slab  construction. 
Concrete  detailing.  321-331 
beams,  324 
bond,  325 
columns,  326 
connections,  325 
construction  joints,  327 
dimensions,  321 
engine  foundations,  327 
flat  slabs,  324 
footings,  327 
framing  plans,  322 
inflection  points,  325 
outlines,  321 
pits  and  tunnels,  327 
reinforcement  assembly,  328 

cover.  328 

details  of  the  architect,  and  engineer,  322 
retaining  walls,  327 
rod  sixes,  329 

spacing,  324.  325,  326 
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Concrete  detailing,  rod  aiMS,  splioes,  828  Concrete  reinforcement,  rib  bar,  061 

scale  and  eonventiona,  828  metal,  071 

schedules.  320  ribplex,  073 

sections,  324  self-centering  fabrics,  071 

shop  bending,  828  self-sentering,  072 

slabe  and  waUs,  823  shop  fabricated  system,  077 

spacers.  324.  327  steelcrete,  067-068 

spiral  hooping.  327  quality  of.  058 

splices.  327                '  specifications.  068,  1412-1416 

stirrups,  325  wire  gage,  table,  063 

Concrete  equipment,  860-870  surface  of,  058 

barrows,  866  systems  for  beams,  girders,  and  columns,  078 

bending  reinforcement,  equipment  for,  861  triangle-mesh  wire  fabric,  064 

buckets,  866  types  of.  068 

carts,  865  unit  system,  075 

drum  mixers,  862  wire  fabric,  065 

gravity  mixers,  862  welded  wire  fabric,  063 

hand  benders,  861  wire  fabric,  062 

handling  forms,  860  Wisco  reinforcing  mesh,  067 

hqists,  860  working  stresses,  058 

lottding  the  mixer,  864  Xpantruss  system,  077 

machine  mixing,  863  Concrete  roof  decks,  500 

vs.  hand-mixing.  861  sections,  properties  of,  08 

measuring  materials,  865  Steel  Engineering  Co.,  050 

pneumatic  mixers,  862  walls.  610 

power  operated  benders,  861  Concreting  plant  for  foundation  work,  814 

sections  used  in  spouting,  866  Concurrent  forces,  composition  and  resolution  of,  8,  0 

'  spouting  plants,  870  definition,  7 

spouts,  or  chutes,  866  equilibrium,  0,  10 

surfacing  machines,  881  Condensation  on  roofs,  508 

time  of  mixing,  863  Conklin,  C.  D.,  Jr.,  on  Standardised  industrial  build- 
transporting  and  i^adng  concrete,  865  ings,  703-800 
trough  mixers,  862  on  Structural,  steel  detailing,  310-321 

Concrete  floor  and  roof  framing,  410-433  Connection  angles  for  beanui  and  girders,  285,'  404 

floors,  300  Connections  of  wooden  and  steel  members,  «ee  Splices 

footings,  366  and  connections.                           « 

partitions,  620  Consid6re's  formula  for  concrete  columns,  211 

piles,  driving,  810  Consolidated  Expanded  Metal  Co.,  042,  067,  077 

raft  foundations,  375  Construction  equipment,  833-886 

Concrete  reinforcement,  058-077  concrete  equipment,  860-870 

American  bars,  061  excavating  equipment,  838-847 

bars,  specifications  for,  1412-1416  hoists,  derricks,  and  scaffolds,  871-876 

chanelath,  072  lighting  equipment,  882 

coefficient  of  expansion,  058  material  transportation  equipment,  847-848 

Corr-mesh,  072  miscellaneous,  870-886 

system,  075  pile  driving  equipment.  848-858 

Corr-X-metal,  068  pumping  equipment.  858-860 

corrugated  bars,  060  steel  erection  equipment,  877-870 

cost  of  bars,  050  wood  working  equipment,  870-871 

Cummings  system.  075  Construction  in  wood,  824-825 

deformed  bars,  050  materials,  887-1026 

diamond  bar,  050  Construction  methods.  803-832 

dovetailed  corrugated  sheets.  073  brick  work,  827-820 

econo  expanded  metal.  060  construction  in  wood.  824-825 

expanded  metal,  067  elevator  and  stair  work,  830-831 

OF  expanded  metal.  070  excavating,  811-813 

Havemeyer  bars,  060  floor  construction,  817-823 

Hennebique  system,  076  foundation  work,  814-815 

Hy-rib,  072  mechanical  trades,  820-830 

inland  bar,  061  pij^  driving,  800-811 

Kahn  mesh.  068  preparation  of  site,  807-800 

system,  078  r «  •  u-      ♦    ^       aQi-fiao 

lock-woven  steel  fabric,  066  sequence  of  finishing  trades,  831-882 

Luten  truss,  076  ■♦one  work,  825-827 

modulus  of  elasticity,  058  structural  steel  work,  815-817 

pin-connected  sjrstem,  076  system  and  control  in  building,  803-807 
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Continuous  beam,  definition,  2 

beams,  42-49 
Contracts,  1068-1078 

arbitration,  1078 

arohitect's,  1073 

chances  in  plans,  1072 

construction  material,  1072 

contracting  vs.  day  labor,  1068 

cost  plus  fixed  fee,  1070 
percentage,  1060 
scale  of  fees,  1070 

departments  in  contracting*  1071 

extra  work,  1072 

for  building,  1066 

forms  of.  1069 

general  contractor,  1070 

lump  sum,  1069 

percentage,  1070 

plans  and  specifications,  1072 

public  and  private,  1068 

quantities  of  work,  1071    ' 

quantity  surveying,  1072 

subcontracts,  1071 

Unit  price,  1069 
Convention  halls,  725 
Coplanar  forces,  definition,  7 
Copper  roofs,  504 
Corbels,  611 

Corinthian  order  of  architecture,  717 
Cork  tile  floors,  449 
Cornices,  598 

and  parapet  walls,  624-627 
Corp,  C.  I.,  1194 
Corr-mesh,  972 

system  of  reinforcement,  975 

-z-metal.  968 
Corrugated  Bar  Co.,  943,  944.  960,  968.  972,  975 
Corrugated  iron  or  steel,  cost  of,  1039 

steel  roofs,  596 
Cost  data  in  building  operations,  806 

of  concrete  buildings,  1045-1063 

of  steel  buildings,  estimatingt  1028-lOM 
Cotton  rope,  884 
Couple,  definition,  7]^ 
Coursed  ashlar.  612 
Court  houses,  design,  722 
Cover  plates,  117 

splicing.  285 
Cox,  William,  1359 

Crowell-Lundo£F-LittIe  Company,  796,  797,  798 
CryBtall  Springs  Water  Co.,  1182 
Cummings  system  of  reinforcement,  975 
Curtain  walls,  617 
Curves,  stress  and  deformation,  4 
Cutting  wheels  for  steel,  879 

Damp  proofing,  of  walls,  614 

Dance  halls  and  academies,  785 

Davidson.  John,  1150 

Day,  Prof.  W.  H.,  1399 

Dead  load,  definition,  2 

Deadening  partitions,  617 

Dean,  F.  W.,  on  Slow-burning  timber  mill  construction, 

391-397 
Definitions  of  terms,  2-8 
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Deflection  of  steel  beams,  116 

of  wooden  beams.  100 
Deflections  for  timber  Joists,  tables,  104-107,  109-114 
Deformation,  8-6 
Derricks,  872-873 

A-frame,  873 

Chicago  boom,  873 

gin  pole,  873 

in  structural  steel  work,  816 
Design,  architectural,  711-722 
Detention  buildings,  789 
DeweU,  H.  D.,  on  Construction  in  wood,  824-825 

on  Floor  and  roof  framing,  377-891 

on  Splices  and  connections,  231-269 

on  Timber.  887-898 

on  Timber  detailing,  308-310 

on  Wooden  beams,  98-114 

on  Wooden  columns,  195-202 

on  Wooden  girders,  17^181 
Dibble,  S.  E.,  on  Plumbing  and  drainage,  1245 
Direct  stress,  concrete  and  reinforced,  concrete,  68-70 

wood  and  steel,  64-68 
Distributed  force,  definition,  7 
Doerfling,  R.  G.,  on  Domes.  609-710 
Dollys  for  steel  erection,  877 
Domes,  699-710 

dead  loads,  700 

definitions,  699 

framed,  700 

framing  material  and  cover,  707 

loads,  699 

reinforcement  for  solid,  710 

snow  loads,  700 

soUd,  707 

stress  diagrams,  701 
formulas,  704 

wind  and  snow  loads,  700 
pressure,  699 
Donnelly,  James  A.,  1104 

Donnelly  positive  differential  system  of  heating,  1124 
Doors,  630-633 

cross  horizontal  folding,  631 

estimating,  for  buildings,  1056 

freight  elevator,  632 

hand  and  bevel  of,  1025 

hoUow  metal.  632 

hospital  and  hotel,  631 

kalameined  doors,  632 

metal  clad,  633 

alignum  fireproof,  633 

office  building,  630 

pyrona,  632 

refrigerator,  in  cold  storage  buildings.  631 

residence,  630 

revolving,  633 

steel,  632 
Doric  order  of  architecture,  716 
Double-layer  beam  girder,  1 17 
Drainage,  1245-1284;  «6«  aUo  Plumbing  and  drainage. 

for  ground  floors,  453 

of  roofs,  599 

regulations,  1256-1284 
Drains,  subsoil  and  trench,  1246 
Dredged  wells  for  foundations,  366 
Drills,  air  and  electric,  878 

rock,  844 
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Drinking  founUins,  1254-1256 

Driving  rivets,  208 

Drop  construction,  in  concrete  work,  435 

hammers,  858 
Duchemin  formula,  467 
Dunstall,  H.  L..  1346 

Eccentric  force,  definition,  4 

Econo  expanded  metal,  969 

Edwards,  J.  J.,  1089 

Elastic  limit,  definition,  8 

Elasticity,  modulus  of,  aee  Modulus  of  elasticity. 

Electric  lighting  and  illumination,  1317-1848 

appearance,  1323 

coefficients  of  illumination,  table,  1321 

color  value,  1323 

cos  and  sin,  table,  1880 

daylight    illumination,    working    intensities, 
1345 

design  of  lighting  systems,  1828 

diffusion  of  light,  1822 

distribution  curves,  1818 
of  light.  1317 

efficiency  of  system,  1320 

eye  protection,  1322 

factories,  natural  lighting  of,  1840 

general,  1817 

globes  and  shades,  1385 

height  of  lamps,  1340 

industrial  Ughting,  1338 

intensities  for  various  rlsssee  of  work,  1839 
of  illumination,  table,  1827 

light  and  illumination,  1317 

lighting  accessories,  1334 

local  and  general  illumination,  1824 

minimum  illumination,  1344 

multiple  tungsten  lamps,  1325 

natural  or  daylight  illumination,  1844 

office  lighting,  1336-1338 

percent  increase  in  illumination,  1380 

quantity  and  distribution  of  light,  1320 

ratio  of  inside  to  outside  illumination,  1345 

reflectors.  1835 
ratio  between  vertical  and  horizontal  illumi- 
nation, 1342 

residence  lighting,  1342 

•election  of  lighting  units,  13^ 

siso  and  location  of  lamps,  1328 

aisee  of  squares,  direct  lighting,  1332 

skylights  in  factories.  1347-1348 

spacing   and   mounting   heights   for   various 
units,  1322 
and  sixe  of  lamps,  1341 

types  of  lighting  systems,  1323 

uniformity  of  lighting,  1320 

units  of  illumination,  1319 

window  space,  value  of,  1346 

windows,  sise  and  location,  1346 
Electric  lighting  equipment,  882 
Electric  Welding  Co.,  975 
Electrical  equipment,  1285-1316 

alternating-current  generators,  1292 

motors,  1292 
armored  cable,  1303 
calculation  of  d.-c.  circuits,  1290 

of  voltage  drop,  1298 


Electrical   equipment,    carrying    eapadfy  of    wires, 
table,  1296 
cartridge  fuse,  1306 
center  of  distribution.  1300 
circuits,  kinds  of,  1289 
concealed  conduit  construction,  1315 
conductor  convertible  system  table,  1302 
current,  1286 
currents,  kinds  of,  1289 
cut-out  panels  and  cabinets,  1307 
determining  wire  for  an  installation,  1310 
distributing  systems,  1309 
effect  of  temperature  upon  resistance,  1286 
electric  circuit,  1289 
electrical  pressure.  1280 
.      quantities,  1285 
electrolier  switch,  1307 
electromotive  force,  1286 
enclosed  fuses,  1305 
energy,  electrical,  1285 
exposed  conduit  system.  1315 
flexible  conduits,  1302 
tubing,  1303 

fuse  and  wire  sixes  for  induction  motors,  tables, . 

1304.  1305 
fuses,  1303 

heat  developed  in  a  wire,  1287 
household  appliances.  1293 
interior  wiring,  1293 
knob  and  tube  wiring,  1303 
loss  in  feeders  and  mains,  1310 
machines  and  apparatus,  1290 
Ohms  law,  1287 
outlet  boxes,  1308 

outlets,  number  for  one  feeder,  1810 
parts  of  a  circuit,  1300 
power.  1285 

protection  of  circuits,  1303 
pressure  or  voltage  drop,  1287 
resistance.  1286 
rigid  conduit,  1300 
selection  of  a  feeder  system,  1309 
single  conductor  combination,  1802 
sise  of  conduits,  table,  1301 
of  feeder  conductors,  1310 
specifications,  1311-1313 
switches.  1306 

symbols  for  wiring  plans.  1818 
three-wire  sjrstems,  1294 
wire  measurements,  1296 
wiring  methods,  1300 
of  concrete  buildings,  1315 
table  for  direct  current  motors,  1291 
working  table  for  copper  wire,  1297 
Elevator  and  stair  work;  830-831 
early  installation  of,  880 
installation  of  ornamental  iron  with  stairs,  830 
iron  stairs,  830 

protecting  elevator  shafts  and  stairs,  831 
Elevator  doors,  682 
shafts,  643 

wells,  framing  for,  408 
Elevators,  1361-1380 
acceisories.  1379 

automatic  or  push  button  control,  1860 
belted.  1361 
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Elevators,  eapaoity,  table,  1370  Estimating  oonorete  buildings,  painting,  1057 

car  frames,  1370  paving,  1051 

switch  control,  1365  partitions,  1050,  1054 

control  of  electric,  1365  plastering,  1056 

electric,  drum  and  traction,  1364  profit,  1058 

elevator  service,  1371  quantities,  estimating,  1045 

escalator,  1368  reinforcement,  1055 

feed  wires,  1377  unit  cost  of,  1063 

flexible  guide  clamp  safety.  1377  roof  slabs,  1040,  1053 

for  masonry  material,  828  roofing  and  flashing,  1057 

freight  service,  1371,  1373  sheeting,  1056 

gravity  spiral  conveyors,  1360  stairs  and  landings,  1051,  1054 

hand  power,  1361  steam  shovel  excavation.  1055 

rope  control.  1365  steel  sash,  1056 

horsepower,  1377  ,          sundries,  1058 

hydraixlic  elevator,  1362                                          ,  superintendence,  1058 

plunger  type,  1363  terra  ootta  partitions,  1056 

pumping  plants,  1364  unit  prices,  1058 

inclined.  1368  wall  beams,  1049,  1054 

inspection,  1380  watchman,  1058 

layout  features,  1369  .window  sills  and  copings,  1050,  1054 
micro-levelling  elevator,  1367                                           Estimating  steel  buUdings,  1028-1044 

motors  for.  1376  backfill,  1030 

passenger  service,  1373,  1374,  1375  brickwork,  1036 

safeties,  1377  carpentry,  1039    ' 

service,  speed,  1375  corrugated  iron  or  steel.  1039 

signal  systems,  1380  disposal  of  surplus  excavation,  1030 

special  automatic  control,  1367  erection  of  structural  steel,  1034 

speed  for  passenger  add  freight  service,  1373,  1375  excavation,  1030 

steam  driven,  1362  foundation,  1028 

systems  of  cabling,  1380  general  field  expenses,  1044 

voltage,  1376  glaxing  steel  sash,  1038 

Emperger  columns,  212,  217  inspection  of  building  site,  1028 

Equilibrium  of  concurrent  forces,  0,  10  pcdnting,  1043 

of  forces,  definition,  7  pumping  and  bailing,  1030 

of  non-concurrent  forces,  algebraic  method,  13  roof  coverinoi,  1043 

graphical  method,  12  shoring,  1030 

polygon,  12  steel  sash  and  operators,  1088 

Equipment  for  construction;  •««  Construction  equip-  structiiral  steel,  1031 

ment.  Euler's  column  formula,  60 

Escalators,  1368  Evans,  Ira  N.,  on  Heating,  ventilation,  and    power. 

Estimating  concrete  buildings,  1045-1063  1060-1177 

area  and  cube,  1046  Evans'  vacuo  hot-water  heating  system,  1126 

backfill.  1055  Excavating.  360.  811-813 

brick  work,  1056  compressed  air  caissons.  813 

carborundum  rubbing,  1052,  1054  cost  of,  1030 

columns,  1047,  1052  equipment,  811,  833-847 

concrete,  unit  price.  1058  estimating  cost  of.  1055 

doors,  frames,  and  hardware,  1056  open  caissons,  813 

drop  panels,  1049,  1053  protection  of  adjacent  structures,  812 

engineering,  plans,  etc.,  1057  rook  excavation,  812 

excavation,  1055  sheet  piling  and  shifting  soils,  812 

floor  slabs,  1049,  1053  shoring,  sheeting,  and  underpinnings,  812 

footing  excavation,  1055  steam  shovel  excavating,  811 

footings.  1046,  1052  Excavating  equipment,  811,  883-847 

forms,  unit  price  of,  1061  black  powder,  843 

formwork,  1052  buckets,  840 

foundation  walls,  1047.  1052  Bucyrus  shovel,  table.  835-836 

glass  and  glasing,  1056  chum  drilling,  845 

granolithic  finish,  1051  clam  shell  buckets,  840 

interior  floor  beams,  1050.  1054  drill  steel  and  bits,  847 

iron  work,  1057  dynamite,  844 

job  overhead  expenses,  1058  explosives,  843 

liability  insurance,  1057  hammer  drill,  846 

masonry,  1056  hand  drilling,  844 

office  expense,  etc.,  1058  handling  bucket,  842 
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Ezoavatinc  equipment,  locomotive  crane.  837 

machine  drills,  845 

nitroglycerin,  844 

Ohio  locomotive  crane.  838 

orange  peel  bucket,  841 

picks,  843 

piston  drill.  845 

rock  drills,  844 

rock  excavating  equipment,  843 

scrapers.  838-840 

shovels,  hand,  843 

steam  shovels.  833 
Expanded  metal,  067 

and  plaster  partitions,  821,  822 
Expansion  bearings  for  steel  girders,  228 

coefficient  of,  see  Coefficient  of  expcuision. 
Explosives,  843 
Exposition  buUdings.  734 
External  forces,  definition,  2 

Factor  of  safety,  definition,  5 

Factories,  foundations  for,  353 
natural  lighting  of,  1346 

Fair  park  buildings  and  grounds,  782 

Fan    truss,    stress    coefficients,    tables,     476,     477, 
.489 

Fans,  ventilating,  1150 

Farm  buUdings,  776-778 
cattle  barn,  775 
horse  barn,  778 
manure  pit,  778 
swine  bams,  778 

Felt  papers,  1019 

Flb6r  stress  coefficients  for  beams,  90 

FiUers,  U'quid,  1016 

Filters  for  sewage,  1227,  12dl 

Filtration  of  water.  1183 

Financing  a  building  project.  1067 

Fink  truss,  stress  coefficients,  tables.  472-475.  486-488, 
490-500 

Fire  engine  houses,  design,  724 

prevention  and  protection,  336 

Fire  protection  for  structural  steel,  337-340 
brick,  fire-resistance  of,  338 
Chicago  Building  Ordinance.  339 
concrete,  fire-resistance  of.  338 
effects  of  htfat  on  steel,  337 
fire-resistance  of  materials,  338 
intensity  of  heat  in  a  fire,  338 
protection  of  steel  from  failure,  338 
selection  of  protective  covering,  339 
terra  cotta  tile,  fire-resistance  of.  338  ^ 
thickness  of  protective  covering,  339 

Fire  protection  of  concrete  reinforcement,  136 
pumps  and  engines,  1207 

Fire-resistive  column  construction,  840-342 

covering  for  cylindrical  columns,  340 
for  steel  columns,  341 
hollow  tile  columns.  342 
reinforced  concrete  columns,  340 

Fire-resistive  floor  construction,  342-346 

brick  arch  floor  construction,  344 

fire  tests,  342 

Herculean  flat  arch.  346 

hoUow  tile  flat  arch,  344 

New  York  reinforced  tile  floor,  346 


Fire-resistive   floor  construction,   protection  of  steel 
girders,  343 
reinforced  concrete  floors,  343 
requirements.  342 
scuppers,  343 
segmental  arches,  346 
simplex  floor  arch,  345 
terra  cotta  or  tile  floor  arches,  344 
weights  and  spans  for  end-construction  arch, 
344 
Fire  stream  data,  1196 
Fireproof  vaults,  618 
Fireproofing  floors,  397 
Fish  plate  splices,  260-252 
Fittings  for  heating,  1172-1177 

for  water  supply  pipes,  1218-1210 
Fixed  beam,  definition,  2 
Flange  angles,  splicing,  284 
plates,  117 
riveting,  184 
splices.  183 
Flanges,  of  plate  and  box  girders,  182 
Flashing  of  roofs,  599 
Flat  roofs,  steel  framing  for,  408 
Flat  slab  construction,  434-447 

American  Concrete  Institute  ruling,  434 
brick  bearing  walls,  440 
eap  construction,  438 
capitals  and  drop  at  exterior  column,  444 
construction  joints,  444 
design  without  drop  or  cap,  438 
drop  construction,  436 
floor  finish,  445 
future  extensions,  445 
kinds  of  bars,  444 
minimum  column  sise,  444 
narrow  buildings,  444 
omission  of  spandrel  beams,  444 
openings,  443 
placing  steel,  445 
pouring  columns  and  slabs,  444 » 
rectangular  panels,  440 
supporting  and  securing  steel,  444 
tables.  445-447 

theorem  of  three  moments,  440 
unequal  adjoining  spans,  440 
use  of  beams,  443 
width  of  bands,  444 
Flats,  steel,  definition,  95  \ 

Fleming.  R.,  90,  270,  271,  465 
Flitch  girder,  6 

plate  girders,  177 
Floor  and  roof  framing,  concrete,  410-433 
beam  schedules,  427 
gypsum  floor-tile  construction,  426 
hollow-tile  construction,  416 
long  span  rectangular  beams,  414 
marking  of  bent  rods,  411 
metal  floor  tile  construction,  426 
Ransoms  unit  sjrstem,  431 
saw-tooth  roof  construction,  433 
slab  steel  arrangement,  410 
T-beam  design,  412 

tile  and  concrete  floors,  tables,  417-428 
unit-bilt  system,  430 
construction,  427 
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Floor  and  roof  framing,  eteeli  897-410 

angle  connections,  404 

arrangement  of  girders  and  joists,  402 

concrete  floors,  399 

connections  of  beams,  to  beams  and  to  col- 
umns, 404,  405 

design  of  girders.  402 
of  joists.  402 

elevator  wells,  408 

flat  roofs.  408 

floor  construction  and  fire  propfing.  397 

monitors,  410 

pipe  shafts,  408 

pitched  roofs,  408 

saw-tooth  skylights,  409 

seat  connections,  405 

separators,  406 

stair  wells,  407 

tile  arch  floors.  398 

web  connections,  406 

wood  floors,  397 
Floor  and  roof  framing,  timbeir,  377-391 

arrangement  of  girders,  378 

bracing  trusses  for  roofs.  884 

bridging,  377 

floor  bay  design,  379 
construction,  377-382 

girders,  connections  to  columns  and  wallsj 
878 

mill  construction,  387 

roof  construction,  383 
girders  and  trusses,  384 

saw-tooth  roof  framing,  385 

sheathing  of  floors,  377 

spans  for  mill  floors,  tables,  390,  391 

stud  partitions,  table,  881 
Floor  beams,  effect  of,  in  bridge  construction;  26 

shears  and  moments.  27 
Floor  construction  methods,  817-823 

bending  and  placing  reinforcementt  819 
centering  for  floors,  817 
fire-resistive,  342-346 
floor  arch  systems.  828 
forms  for  concrete,  818 
grinding  concrete  floor  surfaces,  822 
handling  concrete  materials,  825 
See  ciUo  Concrete  construction. 
Floor  loads,  332 

openings  and  attachments,  452-458 
Floor  ^surfaces,  447-451 
asphalt  floors,  451 
brick,  449 
cement  floor,  450 
ceramic  mosaic,  450 
composition  floors,  451 
cork  tile,  449 

foundation  for  tile  floors,  450 
glass  inserts  in  sidewalls,  451 
hardwood  flooring,  448 
loading  platforms,  449 
mHarble  mosaic,  450 

tile,  450 
ornamental  tiles,  450 
parquetry,  448 
quarry  tile,  450 
refinishing  wood  floors,  449 
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Floor  surfaoM,  rubber  tiling,  450 
soft  wood  flooring,  447 
supports  for  wood  floors.  449 
terraso  finish,  451 

tUe,  450 
tile,  449 

trucking  aisles,  449 
wood,  447-449 
blocks,  449 
Floors,  ground,  453 

in  mill  construction,  395 
Footings,  866-377 

concrete  raft  foundations,  375 

continuous  exterior  column,  873 

heavy  wall,  366 

light  wall.  866 

multiple  slab  reninforced  concrete,  868 

piers,  366 

sunk  to  rook  or  hardpan,  875 
plain  concrete,  866 
rectangular,  370 
combined,  371 
reinforced  concrete  cantUever,  374 
combined,  371 
on  piles,  376 
pier,  367 
single  slab  reinforced  concrete,  867 
sloped,  369 

steel  beam  and  girder,  377 
stone  and  brick,  367 
temporary  wood,  366 
trapesoidal  combined,  372 
waU.  370 
Force,  definition,  2 

diagram,  definition,  8 
elements  of,  7 
polygon,  definition,  9 
Forces,  moments  of,  definition,  17 

See  aUo  Concurrent  forces;  Non*«onearrent  forces. 
Formwork  for  concrete,  imit  price  of.  1061 
Foundation  work,  814-815 
concreting  plant,  814 

damage  by  rainfall  and  surface  water,  814 
forms  and  reinforcement,  815 
pumping  of  excavations,  814 
waterproofing    of   foundations    and    basement, 
815 
Foundations,  347-366 
auger  borings.  347 
bearing  pressure,  gross  and  net.  356 
Breuchaud  pile,  360 
«      building  on  old  foundations,  351 
caissons,  pneumatic,  361-865 
cantilever  construction,  856 
characteristics  of  soil,  rock,  etc.,  848-850 
Chenowith  pile,  860 
churches,  854 
city  buildings,  854 
cofferdams,  361 
compresol  piles,  860 
concrete-pile,  359 

raft.  375 
dead,  live,  and  wind  loads,  851 
diamond  drill  borings,  348 
dredged  wells,  366 
eccentric  loading,  356 
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Foundations,  eSect  of  dimate,  362 

electroIyBia,  855 
.  estimating  cost  of.  1028 

excavating,  360 

factories,  353 

loads  on.  350 

open  caissons,  365 

partly  on  rook,  355 

pedestal  piles.  360 

IMers  Blink  to  rock  or  hardpan,  375 

piles  built  in  place.  359-360 

pneumatic  caissons,  361-365 

poling-board  method,  361 

pre-cast  piles.  359 

preliminary  investigations,  347 

Ra3rmond  pile,  359 

residences,  353 

rod  test,  347 

rust,  355 

sand-pile,  360 

simplex  pile,  360 

steel  sheet-piling,  360 

survey  of  site,  347 

teredo  and  limnoria,  destruction  by,  355 

test  of  soil  for  bearing  capacity,  348 
pits,  348 
,     tmevcn  settlements,  allowances  for,  353 

wash  borings.  347 

water-tight  cellars,  365 

waterproofing,  352 

wooden  pQe,  366-358 
sheet-piling,  360 
Foundries,  789 
Fowler,  C.  £.,  62 
Frame  walls,  614-615 

Framing,  floor  and  roof,  see  Floor  and  roof  framing. 
Freight  elevator  doors,  632 

tracks,  clearances  for,  800-802 
Friestedt  interlocking  channel  bar  piling,  849 
Fuel,  1155-1157 

combustion,  1156 

consumption,  1156 

smoke.  1156 
'  storing  and  piling  coal,  1156 
Fuller,  W.  B.,  986 

Fuller,  W.  J.,  on  Splices  and  connections,  260-298 
Furnaces,  hot  air,  1113 
Furring,  for  walls,  614,  946 

Garry  Iron  and  Steel  Co.,  941,  944 
Gas  engines  for  power  generation,  1166 
Gas  fitting,  1356-1360 

diameter  of  pipes,  for  outlets,  table,  1359 

dimensions  of  standard  pipes,  table,  1356 

flow  of  gas  in  pipes,  1358 

installing  gas  pipe,  1359 

pipe,  1356 
fittings,  1357 

Pole's  formula,  1358 

testing,  1360 

tools  used  in  pipe  fitting,  1358 
Gas  lighting,  1349-1355 

composition  and  heating  value,  1350 

defiaiitions,  1349 

design  of  lighting  system,  1351 

distribution  curves,  1351 
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Gas  lighting,  lamps,  1350 

radius  of  illuminated  areas,  table,  1352 
semi-direct  gas  illumination,  1354 
Gasolene  tanks,  651 

General  Fireproofing  Co.,  940,  942.  944,  946,  970,  972 
GF  expanded  metal,  970 

Gilman,  H.  L.,  on  Industrial  plant  layout,  778-793 
Girder  cap  connections,  259 

definition,  2 
Girders,  101 

arrangement  in  floor  framing,  378 

bending  stresses,  657 

combined  gravity  and  wind  bending  moments,  657 

connections  with  columns,  257 

with  joists,  254-256 
design  of  wind  bracing,  658 
flitch-plate.  177 
plate  and  box,  182-189 
roof,  384 
shear,  657 
trussed,  178-181 
wooden,  172-181 
See  also  Steel  beams  and  girders. 
Girts.  459 

Glass  and  glazing,  1004-1010 
acid  ground  glass.  1009 
American  and  foreign,  1004 
cathedral,.  1009 
chipped  glass,  1009 
colored  glass,  1009 
colored  plate  or  structural,  1009 
crystals  or  special  sheet  glass,  1000 
cylinder  or  window,  1005 
defects  or  blemishes,  1004 
estimating,  1056 
glazing,  1009 

grades  of  cylinder  glass,  1005 
grading.  1004 

plate  glass.  1006 
groimd  glass,  1009 
metal  store  front  construction,  1010 
mirrors.  1007 
opal  flashed  glass,  1009 
opalescent  or  solid  opal  glsss,  1009 
physical  properties,  1004 
polished  plate  glass,  1000 
prism  glass,  1008 
putty  and  puttying,  1010 
raw  materials,  1004 
rolled  or  figured  sheet  glass,  1007 
setting  glass,  10 id 
sidewalk  glass.  1009 
wire  glass,  1007 
Glass,  cost  of,  1038 
in  skylights,  605 
Inserts  in  sidewalks,  451 
roofs,  597 
Gordon's  column  formula,  116,  203,  206 

formiila  of  stresses,  61 
Gothic  system  of  architectural  design,  712 
Goubert  steam  pile  driving  hammers,  855 
Goughenour,  C.  R.,  on  Vacuum  cleaning  equipment, 

1401-1406 
Granite,  908 
Gravity  tanks,  647-649 
Greek  orders  of  architecture,  719 
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Grey  column,  207,  200,  211,  212 
Griffith.  J.  H.,  1439 
Grillage  beams.  118 

setting,  815 
Grinders,  air  and  electric,  870 
Ground  floors,  453-454 
drainage,  453 
floor  finish,  454 
underfloor,  453 
waterproofing,  454 
Gunite,  882 

Gutters  on  roofs,  500,  1246 
Gymnasiums,  school,  761 
Gypsum  and  gypsum  products,  034-030 

classification  of  calcined  gypsum,  934 
gypsum  plasters,  034 
plaster  board,  036 
tile.  038 
wall  board,  037 
Gypsum  block  partitions.  621 
fire-resistance  of,  330 
floor-tile  construction,  426 
roof  slabs,  501 

Hall's  investigations  of  vibrations.  753 

Halls  of  fame,  design,  736 

Hammer-beam  truss,  stresses  in,  586 

Hammers,  pile,  852-855 

Hardware,  building.  1020-1026 

Hardwood  flooring,  448 

Hart  and  Grouse.  1153 

Hartford.  Gonn..  water  consumption,  table,  1101 

Hartford  Steam  Boiler  and  Inspection  Co.,  1152 

Hatchcock,  B.  D.,  1430 

Hauer.  Daniel  J.,  on  Contracts,  1068-1073 

on  Specifications,  1074-1077 
Heating,  1085-1131 

air  line  vacuum  systems,  1124 

B.t.u.  losses  of  building  materials,  1000 

climatic  conditions  in  U.  S.,  table,  1086 

combined  heating  and  power,  1125 

comparison  of  systems,  1128 

conduction,  1085 

connection,  1085 

costs  of  different  systems,  table,  1 130 

Evans*  vacuo  hot  water  system,  combined  with 
power,  1126 

flues  and  hot  air  pipes,  1 1 14 

fittings,  allowance  for,  1150 

forced  hot  water  ssrstem,  1 106 

furnaces,  1113 

gravity  hot  water  heating,  1100 

heat  loss  by  infiltration.  1001 

heat  supplied  by  persons,  lights  and  machinery 
1002 

high  pressure  steam,  1125 

hot  air  furnace  system,  1113-1116 

water   with   condensing   reciprocating   enginep, 

'         1125 

indirect  heating  system,  1117-1120 

low  pressure  gravity  steam  system,  1100 

measurement  of  flow  of  fluids,  1002 

pipe  coils,  1009 

pipes,  capacity  and  pressure  drop,  for  steam,  1003, 
1102 
sise  of  return,  1104 
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Heating,  pipes,  table  of  capacity,  1105 

table  of  number,  of  equivalent  area,  1103 
piping,  principles  of,  1000 
positive  differential  ssrstem,  1 124 
pumps  for  forced  hot  water  system,  1 106 
quantity  of  air  discharged  through  flues,  table.  1117 
radiation,  1085,  1004 

coefficient  of  transmission  for,  1004 
radiators,  1008-1000 
indirect,  data,  1110 
selection  of  a  system,  1120 
steam  pipes,  sise  of,  1101 
transmission  factors  for  direct  surface,  table,.  1095 

of  heat,  1085,  1080 
unit  fan  heaters,  1123 
vacuum  exhaust  steam  heating,  1125 

steam  heating,  1123 
vapor  system,  1 124 
Heating,  ventilation,  and  power.  1080-1177 

boilers,  fuels,  and  chimneys,  1151-1166 
heating,  1085-1131 
piping  and  fittings,  1 172-1 1 77    ' 
power,  1166-1172 

properties  of  air,  water,  and  steam,  1080-1085 
ventilation,  1131-1151 
Hemp  rope,  884 

Hennebique  system  of  reinforcement.  076 
Herculean  flat  arch,  346 
Herron,  J.  H..  on  Cast  iron,  010-021 
on  Steel,  022-026 
on  Wrought  iron.  022 
High  pressure  steam  heating.  1125 
HiU  Trip  Co..  1202 
Hinge,  of  a  structure,  18 
Hinged  bolsters  for  girders,  etc.,  228 
Hinges,  1022 
Hoists,  871-872 

hand-operated,  872 
power  for,  871 
Hollow  building  tile.  017-010 
metal  doors,  632 
tile  columns,  342 
construction,  416 
roof  covering,  501 
Hooke's  law,  3 

Hool,  G.  A.,  on  Bending  and  direct  stress,  concrete  and 
reinforced  concrete,  68-70 
on  Cement,  047-052 
on  Concrete  reinforcement,  958-077 
on    General    methods    of    computing   stresses   in 

trusses,  49-53 
on  Principles  of  statics,  7-17 
on  Reactions,  17-22 
on  Shears  and  moments,  22-34 
Horisontai  shear  in  girders,  formula,  183 

in  wooden  beams,  00 
Hospital  buildings,  744 
Hospital  doors,  631 
Hot  air  heating  system,  1113-1116 

capacities  of  furnaces,  table,  1116 

of  pipes,  table.  1115 
designing  data.  1115 
rules  governing,  1116 
-water  heating:  aee  Heating, 
water  heating  mediums,  1251 
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Hotel  doorst  03 1 

La  Salle,  Chicago,  construction,  672 
Hotels,  design,  724 

long  span  construction  in,  670 
House  tanks,  649-651 
Houses,  lighting  of,  1342 
Howard's  tests  on  brick  piers,  1435 
Howe,  M.  A.,  tests  on  pressure  on  timber,  248,  249 
Howe  truss,  stress  coefficients,  tables,  482-485,  501-504 
Humidity,  1083 
Hydraulic  daU,  1192-1199  / 

fire  streams,  1196 

flow  of  water  in  pipes,  1193 

head  lost  in  elbows,  etc.,  1194,  1195 

loss  of  head  in  fire  hose,  table,  1 197 

pressure  of  water,  1192,  1193 

rain  leaders,  1198,  1199 

ratio  of  capacities  of  pipes,  1 195 

sprinkler  systems,  1196 

standpipe  and  hose  systems,  1198 
Hydraulic  lime,  947 

rams,  1199 
Hy-rib,  972 

Ice  manufacturing  plants,  1387-1388 

lUing,  M.  A.,  on  Tiling,  1000-1003 

Illumination,  see  Electric  lighting  and  illumination. 

Imhoff  tanks  for  sewage,  1226.  1231 

Impact,  allowance  for,  5 

Incinerator  closets,  1244 

Indirect  heating  system,  1117 

heat  given  up  by  radiators,  1120 

radiators,  data  on,  1119 

ventilation  with,  1117 
Industrial  buildings,  standardised,  793-800 

advantages  of  standardised  construction,  794 

general  design.  794 

illustrations,  795 

method  of  construction,  794 

origin,  793 

types,  794 
Industrial  homes  for  women,  741 
Industrial  plant  layout.  778-793 

chemical  industries,  791 

conduits,  785 

cranes,  785 

fire  prevention  and  protection,  787 

floors,  784 

forge  shops,  790 

foundation,  784 

foundries,  789 

heating,  785 

industrial  terminals,  783 

lighting,  785 

locating  an  industry,  779 

loft  buildings,  783 

machine  shops,  790 

materials  of  construction,  783 

metal  working  industries,  789 

pattern  shops,  791 

planning  for  growth,  787 

plans,  preparation  of,  779 

power  plants,  788 

pulp  and  paper  mills,  791 

shipping  facilities.  780 

shoe  factories,  793 


Industrial  plant  layout,  site,  selection  of,  779 

textile  mills.  792 

transportation,  785 

type  of  buildings,  782 

ventilation,  785 

wood  working  shops,  791 
Industrial  schools,  741 
Influence  diagram  and  influence  line,  80 
Ingersoll-Rand  sheet  pile  driver,  855 
Ingots,'  definition  and  treatment  of,  96 
Inland  Steel  Co.,  961 
Inner  forces,  definition,  2 
Insane  asylums,  743 

Institutions,  public,  see  Public  buildings. 
Insulating  quilts,  -1019 

roofs,  598 
Insulation  of  partitions,  622 

of  walls,  617 
Intensity  of  stress,  definition,  8 
International  Filter  Co..  1185 

Motor  Co.,  796 
Ionic  order  of  architecture,  716 
Iron,  cast,  919-921 
wrought,  922 

Jacoby,  Prof.,  formula,  249 
Jails,  740 

Jansky,  C.  M.,  on  Communicating  sjratems,  1390-1397 
on  Electric  lighting  and  illumination,  1317-1348 
on  Electrical  equipment,  1285-1316 
on  Gas  fitting.  1356-1360 
on  Gas  lighting,  1349-1355 
on  Lightning  protection,  1398-1400 
Jetting.  810 

Johnck.  F.,  on  Cornices  and  parapet  walls,  624—627 
on  Doors,  630-633 
on  Office  buildings,  765-769 
on  Partitions.  619-624 
on  WalU,  609-619 
on  Windows,  627-629 
Johnson,  J.  B.,  formulas  for  wooden  columns,  197 
Johnson,  N.  C,  on  Cement  mortar  and  plain  concrete, 
978-986 
on  Concrete  aggregates  and  water,  952-957 
on  Concrete  equipment,  860-870 
on  Excavating  equipment,  833-847 
on  Gypsum  and  gypsum  products,  934-939 
on  Hoists,  derricks,  and  scaffolds.  871-876 
on  Material  transportation  equipment,  847-848 
on  Pile  driving,  809-811 
on  Pile  driving  equipment,  848-858 
on  Pumping  equipment,  858-860 
on  Reinforced  concrete,  986-987 
on  Steel  erection  equipment,  877-879 
on  Wood  working  equipment,  870-871 
Joints,  «<■«  Splices  and  connections  for  steel  members. 
Joints,  lap  and  butt.  271-279 
computations,  273 
design,  278 

distribution  of  stress,  272 
efficiency,  279 
failure  of,  272 
friction  in,  272 
Joist  hangers,  256 
Joists,  steel,  402 
Joists,  timber,  100 
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Joists,  timber,  connections  with  sirders,  254-256 

floor,  377 

roof,  383 

safe  loads  and   deflections,  tables,  104-107, 
100-114 
Jones  and  Laughlin  steel  sheet  piling,  850 

Kahn  mesh,  968 

system  of  reinforcement,  073 
Kalameined  doors,  632 
Keene's  cement,  034 

Kern,  LeR.  £.,  on  Glass  and  glasing,  1004-1010 
Ketchum,  M.  8.,  400 
Kewanee  Private  Utilities  Co.,  1206 
Kidwell,  E.,  174 
King.  F.  R.,  1264 

on  Plumbing  and  drainage  regulations,  1256-1284 

on  Public  comfort  stations,  769-775 

on  Waterless  toilet  conveniences,  1232-1244 
Kinne.  W.  S.,  on  Purlins  for  sloping  roofs,  189 

on  Roof  trusses,  454-588 

on  Unsymmetrical  bending,  79-94 
Kirchoffer,  W.  G.,  on  Sewage  disposal,  1220-1231 

on  Water  supply  data  and  equipment,  1178-1219 
Knight,  W.  J.,  on  Concrete  floor  and  roof  framing.  410- 
433 

on  Reinforced  concrete  beams  and  slabs,  127-171 
Kolbirk's  tests  on  wood  screws,  239 
Kommers,  J.  B.,  40 
Krenger's  tests  on  brick  piers*  1437 

Lacing  on  steel  columns,  207 
Lackawanna  Steel  Co.,  977 
Lackawanna  steel  sheet  piling,  850-851 
Lag  screws,  232.  236 

lateral  resistance.  240 
Lally  columns,  98 
Laminated  floors.  389 
Lap  joints,  271-279 

Lateral  resistance  of  nails,  screws  and  bolts,  232-244 
support  for  wooden  beams,  100 
of  compression  flange,  116 
Lath,  metal.  939-947 
Lathing,  wood  and  metal,  sm  under  Lime,  lime  plaster, 

and  lime  mortar. 
Lattice  on  steel  columns,  207 
Lavatories,  1250 
Lead  roofing,  595 

waste  pipe,  1247 
Leaders.  601 
Ledges  on  walls.  611 
Lever  arm  of  a  force.  7 
Liability  insurance,  estimating,  1057 
Lichty.  L.  C.  1085,  1089 
Lighthipe,  W.  W.,  on  Elevators,  1361-1380 
Lighting,  electric.  Me  Electric  lighting  and  illumination, 
equipment,  882 
gas.  134^1355 
Ligfitning  protection.  1398-1400 
electrical  conductors,  1398 
lightning  rods,  1399 
nature  of  lightning,  1398 
Lime,  lime  plaster,  and  lime  mortar,  926-930 
hardening  of  lime  mortar,  927 
laid  off  work,  929 
lime  mortar.  928 
metal  lathing,  929 


Lime,  lime  plaster,  and  limo  mortar,  notes  on  plaster- 
ing,  928 
proportions  for  lime  plaster,  927 
quick  lime,  926 
resistances  of  piers  with  different  mortars, 

928 
sand  finish,  930 
slaking  quick  lime,  927 
three-coat  work,  929 

use  of  lime  products  in  cement  mortar,  028 
uses  of  lime,  plaster  and  mortar,  927 
white  coating,  930 
wood  lathing.  929 
Liinestones,  910 

Line  of  action  of  a  force,  definition,  7 
Lintels,  cast-iron,  123-126 
Lith  partitions,  622 
Live  load,  definition,  3 
Load,  dead,  definition.  2 
live,  definition,  3 
total,  definition,  3 
working  or  safe.  6 
Loads,  concentrated,  shears  and  moments,  32 
for  timber  joists,  tables,  104-107.  109-114 
for  wooden  columns,  197 
moving,  shears  and  moments,  28,  29 
on  roofs,  see  Purlins  for  sloping  roofs. 
Locks,  1021 
Lockups,  739 
Locomotive  cranes,  837 
Long  span  construction,  669-676 
Longitudinal  monitors,  607 
Lord,  Prof.,  209 

Loe  Angeles  Building  Ordinance,  formula  for  long  col- 
umns, 213 
Water  Co.,  1182 
Lumber,  classification  of,  890 
for  concrete  forms,  818 
measurement  of,  893 
See  aUo  Timber. 
Luten  truss.  976 

MoCauaIand*s  tests  on  brick  piers,  1435 
McDaniel,  A.  B.,  985 
McGregor's  tests  on  brick  piers.  1435 
MoKiernan-Terry  pile  hammers,  855 
Machine  bolts,  232.  237 

shops.  790 
Machines  for  dressing  stone,  907 
Mack's  cement,  934 
Mail  chutes.  680-681 

details,  681 

requirements.  680 
Maney,  G.  A.,  40 
Manila  rope,  884 
Marani,  V.  G.,  938 
Marble  mosaic  floors,  450 
tile  floors,  450 
work.  832 
Marbles.  910 

Marvin,  Prof.,  formula  of  wind  loads,  466 
Masonry  arches.  299-304 

algebraic  method  of  determining  pressure,  304 

brick  arches,  300 

definitions,  299 

depth  of  kesrstonc.  299 
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Maionry  arches,  deterxnining  line  of  pressure,  301 
external  forces,  301 
forms  of  arches,  300 

graphicid  method  of  determining  pressure,  303 
Masonry,  bearing  plates  and  bases  on,  227-220 
estimating  cost  of.  1056 
stone,  strength  of,  1441-1442 
walls,  609 

See  aUo  Brick  work.  Stonework. 
Material  transporting  equipment,  847-848 
auto  trucks,  848 
wagons,  847 
wheelbarrows,  847 
Materials,  buUding,  887-1026 
Mausoleums.  736 
Maximum  moment,  24 

shear,  24 
Majrers,  Clayton  W.,  on  Estimating  concrete  buildings, 

1045-1063 
Mechanical  refrigeration.  1381-1389 
Mechanical  trades.  829-830 

fiiMshing  plumbing.8team,and  electrical  work,830 
importance  of  pipe  drawings.  829 
plumbing  work.  829 
sequence  of.  on  building  operations,  829 
Meier,  Henry  C.  1143,  1146.  1146 
Member,  definition.  2 
Memorial  buildings,  736 
Metal  clad  doors.  633 

floor-tile  construction,  426 
Metal  lath,  939-947 

corrugated  lath,  943 
diamond  and  rectangular  mesh,  940 
expanded,  940 
furring.  946 
general  uses,  946 
integral  lath,  944 
kinds.  939 
ribbed  Uth,  942 
sheet  lath,  946 
weight  and  gage,  947 
wire  lath.  946 
Metal  shingles,  593 

store  front  construction,  1010 
tile  roofing,  597 
Metsger,  Louis,  diagram  for  spacing  rivets,  267 
Military  buildings.  735 
Mill  buildings,  wind  bracing  of.  661 
construction,  387-397 

See  eUeo  Slow-burning  timber  mill  construction. 
Mineral  wool,  1020 
Mixers  for  concrete,  862 
Modulus  of  elasticity,  definition,  3 

ratio,  in  combination  members,  6 
of  rupture,  definition,  5 
Moment,  bending,  22 
maximum,  24 
of  a  couple,  definition,  8 
of  a  force,  definition,  7 
Moments,  22-34 
determining.  25 
of  forces,  definition,  17 
See  eUeo  Shears  and  moments. 
Monitors,  framing  for,  410 
longitudinal,  607 
transverse,  607 


Moore,  Lewis  £.,  on  Neutral  axis  in  a  plate  girder,  97 

Mooie,  Prof.,  207 

Morris,  C.  T.,  on  Bearing  plates  and  bases.  227-229 

on  Bending  and  direct  stress,  wood  and  steel,  64-68 

on  Steel  columns,  206-209 

on  Tension  members,  229-231 
Mortar  for  brick  walls,  611 
Moulton.  A.  G.,  on  Brick  work,  827-829 

on  Elevator  and  stair  work,  830-831 

on  Excavating.  811-813 

on  Floor  construction.  817-823 

on  Foundation  work.  814-815 

on  Mechanical  trades.  829-880 

on  Preparation  of  site.  807-809 

on  Sequence  of  finishing  trades,  831-832 

on  Stone  work,  825-827 

on  Structural  steel  work.  815-817 

on  Ssrstem  and  control  in  building,  803-807 
Moving  loads,  shears  and  moments,  28.  29 
Multiple  beam  girders.  1 17 
Municipal  buildings,  design,  723 
Music  halls,  design,  784 

Nails,  231 

estimated  quantities,  1039,  1042 

lateral  resistance,  232 

resistance  to  withdrawal,  244 

safe  working  value,  239 

tables.  232-235 
National  Board  of  Fire  Underwriters.  388 

Brick  Manufacturers'  Assoc.,  tests  on  brick  piers, 
1430-1438 

Concrete  Co..  976 

Education  Association,  report  On  school  buildings, 
758 

Electrical  Contractors'  Assoc..  1313 

FireproofingCo.,  344 

Lime  Manufacturers'  Assoc..  1436 

Lumber  Manufacturere  Assoc.,  387,  880 

steam  pile  hammers,  855 
Negative  moment,  28 
definition,  7 

shear,  22 
New  England  Factory  Mutual  Insurance  Co.,  332 
New  York  reinforced  end-construction  arch,  346 
Niagara  Hydraulic  Engine  Co.,  1200 
Nolan,  Thomas.  1442 

Non-concurrent  forces,  composition  and  equilibrium, 
12-16 
definition,  7 
Non-coplanar  forces,  definition,  7 
Normal  schools.  731 

North  Western  Expanded  Metal  Co.,  941,  944,  960,  972 
Notation  used  in  Handbook,  1407- 

Office  building  doors.  630 
Office  buildings,  765-769 

arrangement  of  offices,  766 

column  spacing,  768 

floor  finish,  766 

general  design,  769 

office  requirements,  767 

pipe  and  wire  shafts,  766 

plan,  general,  768 

story  heights,  767 

toilets,  765 
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Office  buildingB.  type  of  const^uotion,  766 

wire  molds,  766 
Ohio  looomotive  crane,  838 
Open  air  theaters,  735 
Orders  of  architecture,  713 
Origin  of  moments,  definition.  7 
Ornament,  Gothic,  713 

Renaissance,  721 
Ornamental  roof  trusses,  579-588 
Outer  forces,  definition,  2 

Owen,  A.  F.,  on  Clearances  for  freight  tracks  and  auto- 
mobiles, 800-802 

on  Floor  openings  and  attachments,  452-453 

on  Floor  surfaces,  447-451 

on  Ground  floors,  453-454 

on  Retaining  walls,  682-600 
Oxy-gas  cutting  and  welding  equipment,  883 

Page  Woven  Wire  Fence  Co.,  966 
Paint,  stain,  varnish,  and  whitewash.  1011-1018 
application  of  paint,.  10 13 
chemical  stains,  1016 
color  pigments,  1012 
composition  of  paints,  1011 
definitions  of  terms  relating  to  paint  specifica- 
tions, 1017 
driers,  1013 
drying  oils,  1012 
fillers,  1016 

hand-mixed  paint,  1013 
inert  pigments.  1012 
oil  stain,  1015 
paint  as  a  structural  material,  101 1 

vehicles.  1012 
painting  brickwork,  1014 

concrete,  stucco,  and  plaster,  1014 
galvanised  iroh,  and  copper.  1015 
paints  for  interior  walls,  and  steel,  1014 
pigments,  1011 

properties  of  paint  films,  lOl  1 
ready-mixed  pwnts,  1013 
special  paints,  1013 
stain,  1015 
standard  formulas,  specifications,  and  tests. 

1018 
test  for  paints,  1011 
thinners,  1013 
varnish,  1016 

water  and  spirit  stains,  1015 
white  lead  pigments,  101 1 
whitewash,  1018 
Painting  by  compressed  air.  880-881 
cost  of.  1043 
estimating  cost  of,  1057 
Parabolic  type  formula  for  columns,  206 
Parapet  walls,  598,  611,  626-627 
Parchment  papers,  1019 
Park  bmldings,  734 
Parquetry  flooring,  448 
Partitions,  61^624 
brick,  619 

cold  storage  buildings,  622 
concrete,  620 
deadening,  617.  622 
expanded  metal  and  plaster,  621,  622 
finishes  for.  623 
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Partitions,  gypsum  blook.  621 
lith,  622 

mill,  slow-burning,  and  fireproof  buildings,  619 
non-fireproof  buildings,  621 
plaster  board,  622 
tile,  620 
'    toilet  room,  624 
wall  board,  622 
wood  and  plaster,  621 
Party  walls,  616 
Paul  pumps,  1201.  1206 

Peabody.  Arthur,  on  Architectural  design,  711-722 
on  Architectural  practice,  1004-1067 
on  Architectural  timber  work  of  roofs,  579 
on  Farm  buildings,  775-778 
on  Aiail  chutes,  680-681 
on  Public  buUdings.  722-747 
on  Swimming  pools*  676-680 
Pearson,  J.  C,  on  Stucco,  930-934 
'  Penitentiaries,  741 
Penn  Metal  Co.,  941.  943.  945,  946 
Phelps,  Prof.  £.  B..  1228 
Phoenix  Bridge  Co.,  tests  on  cast-iron  columns,  203 

Construction  Co.,  366 
Pier  construction  for  walls,  610 
Piers  and  buttresses,  305-^308 

designing  for  stability,  307 
methods  of  failure,  305 
principles  of  stability,  305 
Piers,  brick,  tests  on,  1430-1438 
Pigments.  1011 
Pile  driving,  809-811 

concrete  piles,  810 
cutting  ofif  piles.  811 
detail  equipment,  810 
driver  leads  or  gins,  809 
engines,  809 
hammers,  809 
hand  driving,  809 
horse  driving,  809 
jetting,  810 
pile  points,  810 
pulling  piles.  811 
Pile  driving  equipment.  848-858 
drop  hammers,  853 
pile  caps,  856 
drivers,  851 
hammers.  852 
points  or  shoes,  856 
pulling  piles,  858 
sheet  piling.  848 
steam  hammers,  853 
steel  sheet  piling,  848 
wooden  sheet  piling.  848 
Pilte,  built  in  place,  359-360 
concrete,  359 
pre-cast,  359 
wooden,  356-368 
Pin  connections,  293 
Pintles  in  mill  construction,  393 
Pipe  coils,  1099 
drawings,  829 
shafts,  framing  fw,  408 
threading  machines,  883 
Pipes  and  fittings  for  water  supply,  1214-1219 
cast-iron  pipe,  1214 
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I  and  fittings  for  water  supply,  concrete  pipe,  1217 
ooBt  of  laying  pipe,  1216,  1217 
lead  service  pipe,  table.  1216 
standard  screwed  fittings,  1218-1219 

flange  fittings.  1218 
wood  stave  pipe,  1215 
wrought-iron  pipe,  1215 
Pipes  for  heating,  ue  under  Heating. 
Piping  and  fittings,  1172-1177    . 

blow  off  and  feed  pipes,  1174 

ooverings,  conductivity,  table,  1176 

dimensions  of  pipe,  table,  1173 

fittings  and  valves,  1 174 

heat  losses  from  covered  and  uncovered  pipe, 

table.  1177 
joints  and  flanges,  1172 
pipe,  1172 

covering,  1174 
.    rules  for  flanged  fittings,  1172 
Pitch  of  roof.  2 
Plaster  board,  gypeum,  986 
board  partitions,  622 
fire-resistance  of,  339 
of  Paris.  934 
work.  832 
Plastering  machines,  881 
Plate  and  box  girders,  182-189 
combined  stresses,  184 
determining  resisting  moment,  182 
flange  riveting,  184 
flanges.  182 

horisontal  shear,  formula.  183 
neutral  axis  of,  97 
stiffener  angles.  183 
web  and  flange  splices.  183,  281-285 

plates,  182 
.  reinforcement,  184 
riveting,  183 
Plate  glass,  1006 
Plates,  steel,  definition,  95 
Plumbing  and  drainage.  1245-1284 
area  drains,  1247 
bath  tubs.  1250 
bubbling  fountains.  1254-1256 
chemical  installations.  1249 
cold  water  consumption,  valves  and  piping,  1253 
drains,  subsoil  and  trench,  1245 
drinking  devices,  1254-1256 
fixtures,  securing  and  hanging,  1251 
hot  water  consumption  and  heating  mediums, 

1251 
house  drains,  1247 
lavatories,  1250 
lead  burning,  1249 
waste  pipe,  1247 
plumbing  fixtures,  1250 
rain  water  leaders,  1246 
roof  terminals.  1246 
sewers,  main  and  house.  1245 
showers.  1250 
sinks.  1251 

storm  water  disposal.  1245 
swimming  pools,  1251 
traps.  1248 
urinals,  1250 
vents.  1248 


Plumbing   and   drainage,    waste  discharge   based  on 
water  consumption,  1247 
water-closets,  1250 
yard  drain  and  catch  basin,  1246 
Plumbing  and  drainage  regtilations;  1256-1284 
catch  basins,  sumps,  and  ejectors,  1275 
explanation  oi  terms,  1259-1260 
floor  drains  and  fixture  wastes,  1276 
inspections  and  tests,  1280 
joints  and  connections,  1272 
miscellaneous  provisions,  1274 
outside  of  building,  1256-1259 
plumbing  fixtures,  1277 
quality  and  weight  of  materials,  1268 
repairs  and  reconstruction,  1279 
sewers  and  drains.  1261-1268 
soil,  waste,  and  vent  pipes,  table,  1262 
suggestions,  1283 

surface  and  rain  water  connections,  1274 
toilet  rooms  for  public  buildings.  1281 
traps  and  dean-outs,  1271-1272 
within  the  building,  1260-1283 
Plumbing  work,  829 
Pneumatic  caissons,  361-365 

tanks,  1212-1214 
Poisson's  ratio,  definition,  6 
Pole  in  equilibrium  polygon,  13 
Pole,  Prof.,  formula  for  fiow  of  gas,  1358 
Police  stations.  739 
Poorhouses.  744 
P(»'tland  cement.  948,  949 

standard  specifications  for,  1408 
Positive  moment,  23 
definition.  7 
shear,  22 
Poet  and  girder  cap  connections,  259 
-caps,  259 
definition,  2 
Power,  1166-1172 
auxiliaries,  1171 

comparisons  of  engines  and  turbines,  1170 
compounding,  1168 
oondensers,  1171 
condensing  water  required.  1171 
gas  engines,  1166 

impulse  reaction  type  of  turbine,  1170 
impulse  type  of  turbine,  1169 
prime  movers.  1166 
reaction  type  o|  turbine,  1170 
removal  of  entrained  air,  1171 
steam  engines,  1167 

turbines,  1169 
superheated  steam,  1170 

volumes  and  pressures  of  steam  affecting  economy, 
1169 
Power  generating  system  combined  with  heating.  1 125 
plants,  788 
pumps.  1205 
saws,  870 
Pratt  truss,  stress  coefficients,  tables,  478-481 
Preparation  of  building  site.  807-809 
Pressure  tanks.  647 
Prism  glass,  1008 

Privies,  aee  Waterless  toUet  conveniences. 
Properties  of  sections.  96 
Protection  of  structural  steel  from  fire,  337-340 
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Public  buildings.  722-747 

charitable  purpose  buildinca,  744 

churchea,  737 

city  halls,  723 

civic  centers,  736 

club  houses,  725 

oolosseums,  725 

convention  halls,  726 

court  houses,  722 

dance  halls  and  academies,  785 

detention  buildings,  780 

expositions,  734 

fair  park  buildincs  and  grounds,  782 

fire  engine  houses,  724 

homes  for  dependent  children.  744 

for  the  aged  and  infirm,  744 
hospitals,  744 
hotels,  724 

industrial  schools,  and  homes  for  women,  741 
insane  asylums,  743 

institutions  isolated  from  towns  and  cities.  746 
jails,  740 
libraries,  723 
lockups,  739 
mausoleums,  736 
military  buildings,  736 
municipal  buildings,  723 
normal  schools.  731 
park  buildings,  734 
penitentiaries,  741 
police  stations,  739 
poorhouses,  744 

public  comfort  stations,  735,  769-775 
railway  stations,  725 
reformatories,  741 
schools,  731 

for  deaf  and  blind,  744 
theaters  and  music  halls.  734 
tombs,  memorials,  and  halls  of  fame,  736 
town  halls,  723 
tuberculosis  sanitarium,  745 
universities,  726-731 
veterans'  homes,  744 
work  houses.  740 
Public  comfort  stations.  735.  769-775 

adequacy  of  accommodations,  771 

depositories.  774 

entrance  screen,  771 

fixtures,  774 

floor.  773 
drains,  774 

light,  773 

location  and  operation,  769 

partitions  between  fixtures,  774 

service  cloeet,  774 

sise,  773 

submission  of  plans,  771 

supervision  of  construction.  771  ' 

uniform  sign  required.  771 
,  ventilation,  773 

walls  and  ceiling,  774 
Public  libraries,  723 

schools,  731 
Pulp  and  paper  mills.  791 
Pumping  equipment,  858-860,  119&-1209 
air  lift  pumps,  1202-1205 
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Pumping  equipment,  centrifugal  or  turbine  pumos 
859,  1207 
city  water  lifts,  1207 
deep  well  plunger  pumps,  1201 
diaphragm  pumps,  868 
fire  pumps,  and  engines,  1207 
hand  lift  pumps,  858 
horsepower  required  to  raise  water,  1207 
hydraulic  rams.  1 199 
impeller  pumps,  1202 
Indiana  air  pumps,  1203 
Kewanee  Private  Utilities  Co.'s  pump,  1206 
Niagara  rams,  table,  1201 
Paul  pumps.  1201.  1206 
power  pumps,  1206 
pressure  pumps,  859 
residential  pumping  plants,  1206 
rotary  pumps,  1202 
steam  cylinder  pumps,  800 

pumps,  859 
Sullivan  air  lifts,  1203 
triplex  pumps,  860 
windmUls,  1208 
Pumping  of  excavations,  814 
Purdy,  C.  T..  on  Shafts  in  buildings,  642-645 

on  Stairs,  634-641 
Purification  of  water,  1182-1188 
Purlins,  189-195 

connections  to  roof  coverihg,  460 

definition.  189 

design  for  flexible  roof .  covering,  191 

for  rigid  roof  covering,  190 
details,  459 
free  to  bend,  192 
lateral  support  by  tie  rods,  193 
load  carried  by,  189 
spacing  of,  457 
unsym metrical  bending,  189 
Putnam  Machine  Co..  foundry.  782.  789.  790 
Putty  and  puttying,  1010 
Pussolan.  948 
Pyrona  doors.  632 
Process  Co.,  632 

Quarry  tile  floors.  450 

Radiators,  1098 

column,  1098 

determination  of,  1094 

enclosed,  1099 

hot  water,  1098 

indirect,  data  on,  1119 

location  of,  1099 

pressed  steel,  1098 
Railroad  retaining  walls.  690 
Railway  stations,  725 
Rain  leaders,  1198,  1199,  1246. 
Rankine  type  formula  for  steel  columns,  206 
Ransoms  unit  system,  431 
Rayleigh  resonator.  751 
Rasrs,  in  equilibrium  polygon,  13 
Reactions,  17-22 

definition,  2 

determination  of,  18 
Refinite  Co.'s  water  softeners.  1188 
Reformatories,  741 
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Befriceration,  mechaiucal,  1881-1888 
absorption  syatem,  1383 
British  thermal  unit.  1381 
oold  storase  plants,  1388-1388 
eompression  system,  1382 
ioe  manufacturing  plants,  1387-1388 

storace  buildings,  1388 
latent  heat,  1381 

measurement  of  refrigerating  effect,  1381 
methods  of  application,  1385 
practical  notes,  1388 
proportioning  of  cooling  surface,  1886 
rating  of  refrigerating  machines,  1381 
refrigerating  load,  1384 

mediums,  1381 
specific  heat,  1381 
systems,  1382 
Refrigerator  doors  in  oold  storage  buildings,  831 
Regulations  for  plumbing  and  drainage,  1256-1284 
Reinforced  cbncrete,  986-087 

bending  and  direct  stress,  68-78 
concrete  ss  fire  and  rust  protection  for  steel,  086 
notation  for,  1407 
quality,  importance  of,  087 
steel  as  a  component  material,  086 
unit  stress  values.  087 
weight  of,  087 
working  stressies,  1443-1444 
Reinforoed-ooncrete  beams  and  slabs,  127-171 
bending  reinforcement,  diagram,  167 
bond  stress,  134 

designing  tables  and  diagrams,  146-167 
fire  protection,  136 
flexure  formulss,  127 
moment  distribution,  145 
moments  assumed  in  design  of  continuous 

beams,  130 
rectiangular  beams  reinforced  for  compression, 

137 
rods,  areas  of,  etc.,  tables,  149-152 
safe  loads,  tables,  154-150 
shearing  stresses,  129 
slab  design  and  reinforcement,  140 
spacing  of  reinforcement,  136 
span  length,  129 
stairs,  167-172 

strength  of  solid  slabs,  table,  160 
T-beams,  141-145 
use  of  tables  and  diagrams.  129 
wet  reinforcements,  130-134 
Reinforcement  for  concrete,  958-977 
cost,  1055 

See  alto  Steel  reinforcement. 
Renaissance  style  of  architecture,  713 
Residences,  foundatio;is  for,  353     - 

lighting  of,  1342 
Resisting    moments   of    wooden    beams,    table,   107- 

108 
Resolution  of  forces,  definition,  7 

of  concurrent  forces,  8,  9 
Restrained  and  continuous  beams.  42-49 
Resultant  of  forces,  definition,  7 
Retaining  walls.  682-690 

angles  of  repose  of  earths,  683 
cantilever  wall,  685 

ooefficieot  of  friction  of  materials,  682 
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Retaining  walls,  equivalent  fluid  preasuret  683 
masonry,  685 
reinforced  concrete,  685 
sloping  back  fill,  688 
stability,  682 
steel  sheet  piling,  688 
structural  steel  frame  walls,  688 
supported  top  and  bottom,  687 
supporting  railroad  track,  690 
surcharge,  689 
wall  with  back  ties,  687 
weight  of  earths,  683 
Revolving  doors,  633 
Rib  metal.  971 
Ribplez.  973 
Richardson,  H.  H.,  722 
Richtmeyer,  F.  K.,  1346 
Ries,  H.,  on  Building  stones,  898-911 
Rife  Hydraulic  Mfg.  Co..  1200 
Rise  of  roof,  2 
Risers  of  stairs,  635 
Rivet  sets,  878 

Riveted  tension  members,  230 
Riveters  for  steel  erection,  877 
Riveting,  fiange,  184 

web,  183 
Rivets,  clearance,  269,  270 

compared  with  bolts  in  direct  tension,  270 
dimensions,  261 
driving,  268 
edge  distance,  265 
failures,  269 

for  steel  members,  260-271 
gage,  263 
grip,  262 
holes,  263 
kinds.  260 
loose,  268 
pitch,  263 

reduction  of  area  for  rivet  holes,  table,  276 
shearing  and  bearing  values,  269,  274 
sises.  261 
spacing,  266.  269 

stagger  of,  to  maintain  net  section,  277 
See  also  Splices  and  connections  for  steel  mem- 
bers. 
Roberts,  A.  W.,  On  Cast-iron  lintels,  123-126 
on  Masonry  arches,  299-304 
on  Plate  and  box  girders,  182-189 
on  Steel  beams  and  girders,  115-123 
Rook  drUls,  844 

excavation,  812 
Rocks  suitable  for  concrete  aggregates,  953 

used  for  building  stones,  899 
Roebling's  Sons  Co.,  946 
Rogers,  IL  S.,  on  Cast-iron  columns,  202-205 
on  Columns,  58-64 
on  Stresses  in  roof  trusses,  53-58 
Rollers,  effect  on  reactions  of  a  structure.  18 
Roman  orders  of  architecture,  721 
Roof  coverings,  aee  R<tofs  and  roof  coverings. 
Roof  drainage.  599-603 
catch  basins.  602 
drainage  slopes  on  fiat  slabs,  602 
durability,  603 
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Boof  dnunage,  fitness.  603 
flashing,  599 

general  considerations,  602 
gutters.  599,  1246 
leaders,  601 

materials  and  workmanship,  608 
pitch  of  roof,  599 
usefulness,  602 
Roof  framing,  concrete,  410-433 
framing,  timber,  383-387 
stresses.  Me  under  Roof  trusses. 
Roof  trusses,  384,  454-588 

bracing  of  roofs  and  buildings.  461 
cambered  fan  truss,  tables,  489 

Fink  truss,  tables.  486-488,  495-497 
choice  of  sections,  462 
combinations  of  loads,  468 
connections  between  purlins  and  roof  covering, 

460 
definitions,  454 
fan  truss,  tables,  476,  477 
Fink  truss,  tables.  472-475,  486-488,  490-500 
form  of  members,  463 

of  trusses,  455 
girts,  spacing  of,  459 
hammer  beam,  586 
Howe  truss,  Ublea,  482-485,  501-504 
joint  details.  463 
limiting  spans,  tables,  458,  459 
loadings,  464 
pitch,  456 

Pratt  truss,  tobies,  478^81 
purlin  and  girt  details,  459 
purlins,  spacing,  457 
scissors  type,  581 
snow  loads,  467 
spacing.  456 

stress  coefficients,  469-504 
stresses  in,  53-58 
weight,  465 

estimated,  537 
weights  of  materials,  toble,  464 
wind  coefficients,  tables.  498-504 

-load,  466 
Roof  trusses,  arched,  550-578 

bracing,  578 

design  of  members  and  joints,  576 

form  of,  559 

hingeless  arches.  568 

loading  conditions,  570 

reactions  and  stresses,  561-570 

stress  in  three-hinged,  571-575 

temperature  stresses.  565,  567 

three-hinged  arches.  562 

two-hinged  arches,  565 
Roof  trusses,  ornamental,  679-588 

analysis  of  combined  trusses,  587 

architectural  timber  work,  579 

hammer-beam,  stresses  in.  586 

joint  details,  588 

stresses  in  a  scissors  truss,  581 
Roof  trusses,  steel,  525-541 

bracing,  design  of,  541 

compression  members.  530 

design  of  members.  529 

joints,  design  of,  532 


Roof  trusses,  steel,  loadings.  526 

minor  details,  536 

purlins,  design  of,  527 

sheathing,  design  of.  526 

stress,  determination  of,  in  members,  527 

tension  members,  530 

top  chord,  design  of,  for  stress,  537 

type  and  form,  525 
Roof  trusses  with  knee  braces,  542-558 
bracing,  design  of,  556 
design  of  members  and  columns,  550 
girts,  design  of,  555 
joints,  design  of,  554 
stress  determination,  542,  548 
Roof  trusses,  wooden,  505-524 

bottom  chord  tension  member,  500 

compression  web  members,  509 

design  of  members.  509 

of  sheathing,  rafters  and  purlins,  507 

general  drawing,  524 

joint  details  for  trusses  with  built-up  members, 
523 

joints,  design  of,  511 

purlin  connections,  details.  523 

stress,  determination  of,  in  members,  507 

top  chord  member,  509 

vertical  tension  rods,  510 

weight,  estimated,  524 
Roofing,  estimating  cost  of,  1057 
Roofs,  determining  reactions  of  trusses,  19 
in  mill  construction,  396 
sloping,  purlins  for,  189-195 

steel   framing   for,    aee  Floor   and  roof   framing, 
steel. 
Roofs  and  roof  covering,  588-598 

asbestos  corrugated  sheathing,  596 
protected  metal,  595 

cement  tile,  596 

clay  tile.  596 

climatic  conditions,  589 

concrete  slab  deck,  590 

condensation  on  roofs,  597 

conditions  of  design,  589 

copper  594 

cornices,  598 

corrugated  steel,  595 

cost  of  coverings,  1043 

fire  risk,  590 

glass,  597 

gypsum  composition,  591 

hollow  tile,  591 

insulating  roofs,  598 

lead,  595 

metol  tile,  597 

parapet  walls,  598  ^ 

precautions  in  design  and  erection,  590 

prepared.  596 

reinforced  gypsum,  591 

roof  decks.  590 

selecting.  588 

shingles.  592 

slag  or  gravel,  596 

slate,  693 

tin,  593 

wood,    592 

sine,  594 
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Rope,  cotton,  majula,  and  wxre«  884 
Rubber  tile  floors,  450 
Rapture  stress,  definition.  3 

Safe  load,  definition'  6 
Safety  deposit  vaults,  619 

factor  of,  5 
Sand  for  concrete,  956 
Sandstones,  909 
Sanitarium,  tuberculosis,  745 
Saville,  C.  M..  1190-1192 
Saw-tooth  roof  construction,  concrete,  433 
roof  framing,  385 
skylights.  607 

steel  framing  for,  400 
Saws,  power.  870 
Scaffolding,  828 
Scaffolds.  873-876 
fixed.  875 
horse,  876 
outrigger,  876 
pole,  875 
suspended,  875 
School  planning,  754-766 

auditorium,  762 

building  laws  of  states,  754 
measurements,  758 

chemical  laboratory,  762 

class  rooms,  759 

commercial  high  schools,  756 

continuation  classes,  757 

corridors,  760 

educational  surveys,  754 

fire  protection,  765 

flag  pole,  765 

gardens,  765 

Gary  plan,  755 

gymnasiums,  761 

height  of  buildings,  757 

intermediate  schools,  756 

junior  high  schools.  756 

kindergartens,  761 

laboratories  and  class  rooms,  763-764 

library,  762 

manual  training  schools,  756 

offices,  764 

one-story  schools,  757 

orientation  of  building,  759 

part-time  classes,  757 

physical  laboratory,  763 

play  grounds,  765 

primary  schools,  755 

program  of  studies,  754 

school  organisation,  755 

senior  high  school,  756 

sites,  754 

stairwasrs,  761 

standardization,  765 

swimming  pools,  762 

toilet  rooms,  761 

vocational  schools,  767 

wardrobes,  760 

wider  use  of  school  buildings,  757 
Schools,  for  deaf  and  blind,  744 
industrial,  741 
public,  731 
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Scissors  truss,  stresses  in,  581 
Scrapers,  838-840 
Screws.  231,  236 

lateral  resistance,  232,  239 
resistance  to  withdrawal,  244 
Seat  connections,  405 
Seaton,  M.  Y.,  on  Paint,  stain,  varnish,  and  whitewash, 

1011-1018 
Sections,  steel  and  wood,  properties  of,  96 
Self-sentering,  972 
Separators  for  steel  beams,  117,  118 

in  steel  framing,  406 
Serginsky,  I.  V.,  1109  . 
Sewage  disposal,  1220-1231 

broad  irrigation,  1228 

collection  and  flow  of  sewage,  1220 

composition  of  sewage,  1222-1223 

contact  filters,  1227 

cost,  1221 

detoils,  1221 

dilution,  1224 

Dortmund  tank,  1229 

filters,  1227,  1231 

Imhoff  Unks,1226,  1231 

inspection  and  control  of  plants,  1230 

limiting  grades,  1221 

materials  used  for  sewers,  1220 

population  served  by  sewers,  table,  1220 
.    processes  of  purification,  1224-1231 

screening,  1224 

sedimentation,  1224 

sedimentation  tank,  1226 

selection  of  method  of  treatment,  1229 

septte  tanks,  1225,  1230 

sise  of  sewers,  1220 

slow  sand  filters,  1227 

sprinkling  filters,  1227 

sub-surface  filters,  1227 

tank  treatment,  1224,  1230 

U.  S.  Public  Health  Service  design,  1228 

variations  of  flow,  1221 

workmanship,  1221 
Sewers,  main  and  house,  1245 

regulations,  1201-1268 
Shafts  in  buildings.  642-645 

closed,  642 

levator,  643 

kinds.  642 

open,  642 

stairway  enclosures,  642 
Shapes,  steel.  96-98 
Shear,  definition,  4 

horisontal,  in  wooden  beams,  99 
of  cast-iron  lintels,  124 
of  steel  beams,  115 
pin  splice,  253 
Shearing  stresses  in  reinforced-concrete  beams,  120 

in  T-beams,  143 
Shears  and  moments,  22-34 

absolute  maximum  moment.  34 

concentrated  load  ssrstems,  32 

definition,  22 

diagrams,  23 

effect  of  floor  beams  in  bridge  construction,  26 

influence  lines,  30 
maximum  moment,  24 

Paof  803-1444,  Vol.  II. 


1468 


INDEX 


Shears  and  momenta,  maximum  shear,  24 
with  floor  beams,  33,  34 
without  floor  beams,  32 
moment  determined  graphically.  25 
moving  uniform  load,  29 
single  concentrated  moving  load,  28 
Sheathing  for  frame  walls,  616 
of  floors.  377 
roof.  383 

papers,  felts,  etc.,  1018-1020 
Sheet  metal  walls,  616 

piUng,  360 
Shingles,  502 
wall,  615 
Shoe  factories,  793 
Showers,  1250 

Shrinkage  stress,  definition,  6 
Siding  for  frame  walls,  615 
Simple  and  cantilever  beams,  34-41 

beam,  definition,  2 
Sinks,  1257 
Simpson,  Russell,  249 
Site,  preparation  of,  807-809 
Sised  timbers,  100 

Skylights  and  ventiUtors,  603-608,  1347-1348 
box  skylights.  607 
corrugated  glass  sheets.  606 
flat  glass,  606 
general,  603 
glass,  605 
inserts  in  concrete  slabs,  and  in  tile,  605 
tile,  605 
in  plane  of  roof,  605 
longitudinal  monitors,  607 
not  in  plane  of  roof,  607 
saw-tooth  construction,  607 
translucent  fabric,  606 
transverse  monitors,  607 
Slab  steel  construction,  410 
Slabs,  reinforced  concrete,  140 
SUte,  Oil 

roofs,  593 
tests  for,  906 
Slope-deflection    methqd    of    determining    moments, 

214 
Slow  burning  buildings,  partitions  in,  619 
Slow-burning  timber  mill  construction,  387-397 
anchoring  steel  beams,  396 
basement  floors,  397 
beam  arrangements,  395 
columns  and  walls,  396 
floor  details,  395 
pintles  over  columns,  393 
rigidity  of  connection,  394 
roofs,  396 
Smith,  C.  S.,  466 

formula  for  wooden  columns,  197 
Smith,  H.  B.,  Co..  1153,  1154 
Smith,  Stewart  T.,  on  Mechanical  refrigeration,  1381- 

1389 
Smith,  T.  A.,  277 
Smulski,  Edward,  45 
Snow  load  on  domes,  699 

on  roofs.  467 
SoU,  kinds  of,  349-350 
Sound,  «e«  Acoustics  of  buildings. 


Southern  Pine  AMOdation,  99,  103,  308 

specifications  for  grades  of  lumber,  803,  895 
Space  diagram,  definition,  8 
Span  of  roof  truss,  definition,  2^ 
Specifications,  1074-1077 
city  codes,  1077 
contract  kept  secret,  1076 
definlteness,  1074 
forms  of,  1074 
material  standards,  1076 
penalties,  1076 

schedules  of  materials  and  work,  1076 
sheets  for,  1077 
Spikes,  231 

resistance  to  withdrawal,  244 
Splices  and  connections  for  steel  members,  260-208 
beam  connections,  limiting  values  of,  287 
beams,  gages  and  dimensions,  table,  266 
bolts,  260,  271 

channels,  gages  and  dimensions  for,  266 
clearance  for  the  die  on  riveter,  200,  270 
compression  members,  279 
connection  angles,  285 
cotter  pins,  table,  298 
cover  plates,  splicing,  285 
design  of  joints,  278 
dimensions  of  rivets,  261 
driving  of  rivets.  268 
eccentric  connections,  280 

avoiding,  292 
efficiency  of  a  joint,  279 
faUure  of  joints,  272 

of  rivets.  269 
flange  angles,  splicing,  284 
friction  in  joints,  272 
grip  of  rivets  and  bolts,  262 
joint  computations.  273 
joints,  lap  and  butt.  271-272 
location  of  rivets,  263 
loose  rivets,  268 

lug  or  clip  angles  in  connections.  288 
net  sections,  275 
pin  eonnections,  293 
packing,  clearance,  grip,  holes,  etc..  297 
plates,  296 
<  pios,  bearing  values  and  bending  moments, 
tables.  295 
plate  girder  flange  splices.  1^ 

web  splices,  281 
recessed  pin  nuts,  table,  298 
reduction  of  area  for  rivet  holes,  276 
requirements  for  a  good  joint,  203 
rivet  holes,  263 
rivets  and  bolts,  260-271 

vs.  bolts  in  direct  tension,  270 
shearing  and  bearing  values,  of  riveta,  268, 

274 
sisos  of  rivets,  261 
spacing  of  rivets,  266 
splices  in  trusses,  270 
splicing  cover  plates,  285 

flange  angles,  284 
stagger  of  rivets  to  maintain   net  aaetioo, 

table,  277 
stress  in  joints,  272 
tension  members,  280 
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SpUoeB  and  oonneoiiooB  for  wooden  membera,  231-259 
bolted  fiah  plate  splice,  260 
bolted  steel  fish  plate  splice,  251 
bolts.  232 

comparison  of  tension  splices,  253 
compression  splices.  254 
connection  of  joist  to  steel  girder,  256 
connections  between  columns  and  girders. 
257 
between  joists  and  girders,  254-256 
joist  hangers.  256 
joists  framed  into  girders,'  255 
lateral  resistance  of  lUiils,  etc..  232-244 
modified  wooden  fish  plate  splice.  250 
nails.  231 

post  and  girder  cap  connections,  250 
resistance  of  timber  to  pressure  from  cylin- 
drical metal  pin,  248    ' 
to  withdrawal  of  nails,  etc.,-  244 
screws,  231 
shear  pin  splice.  253 
8teel<tabled  fish  plate  splice.  252 
tabled  wooden  fish  plate  splice,  251 
tenon  bar  splice,  252 
tension  splices,  240 
washers  for  bolts.  245-248 
Spliees.  web  and  flange,  183 
Splicing  flange  angles,  284 
Sprinkler  systems.  1196 

tanks,  645 
Stains,  1015-1016 
chemical.  1016 
oil.  1015 

water  and  spirit.  1015 
Stair  wells,  framing  for.  407 

work.  830-831 
Stairs.  634-641 

balustrades  and  hand  rails.  639 
definitions,  634 
enclosures,  630,  642 
landings  and  winders,  639 
locations,  638 . 

materials,  details,  and  construction.  040 
reinforced  concrete,  167-172 
risers  and  treads,  635 
width  and  number,  636 
Stairway  enclosures,  630,  642 
Standardised  industrial  buildings,  703-800 
Standpipe  and  hoae  systems,  1 108 
Statically  determinate  structure,  definition.  3 

indeterminate  structure,  definition,  3 
Statics,  definition,  7 

principles  of,  7-17 
Steam  engines  for  power  generation,  1167 
hammers,  853 
heating,  «ee  Heating, 
quality  of,  1083 
shovel  excavating,  811 

shovels,  833  • 

superheated,  1083 

thermal  and  physical  properties,  1081-1082 
Steel,  022-026 
alloy,  024 
carbon,  023 
castings,  024 
coefficient  of  expansion,  6 


Steel,  elemento  in,  02^-928 
factor  of  safety  of.  5 
forgings,  025 

manufacture,  methods  of,  928 
rolled  shapes.  924 
steel  lumber.  025 
stress-deformation  curve  for,  4 
structural,  examination  of,  025 
pressed,  025 

8e€  al*o  Structural  steel, 
uniform  specifications.  925 
See  aiao  Concrete  reinforcement. 
Steel  beams  and  girders,  115-123 

beams  with  cover  plates,  117 
bending  moment,  115 
buokling  of  web,  115 
deflection.  116 

double-layer  beam  girders,  117 
grillage  beams.  118 

lateral  support  of  oomiHreesion  flange,  116 
multiple  beam  girders.  117 
safe  end  reaction  and  interior  load.  115 
shear,  115 
strut-beams.  118 
tie-beams.  117 

See  also  under  Splices  and  connections  for 
steel  members. 
Steel  buildings,  estimating,  1028-1044 
Steel  columns,  206-209 

caps  and  baaee,  200 
combined  with  concrete.  200 
forms  of  cross  section.  206 
formulaa.  206    ■ 
lattice  or  lacing,  207 
slendernesB  ratio.  206 
splices.  200 
stay  plates,  209 
Steel  construction,  floor  and  roof  framing,  397-410 

splices  and  connections  for.  260-298 
Steel  erection  equipment.  877-879 
air  and  hand  dollys.  877 
drills,  878 
riveters,  877 
chipping  tools,  air.  878 
cutting  wheels,  879 
electric  drills.  878 
grinders,  air  and  electric.  870 
rivet  sets,  air,  878 
Steel  reinforcement,  bending  and  placing,  810 

See   aleo  Reinforced  concrete;  Reinforcement  for 

concrete, 
roof  truss,  detailed  design,  525-541 
sash,  estimating.  1056 

glasing.  1038 
sections,  beams  and  properties  of,  06 
Steel  shapes.  05-98 
columns,  98 
definition.  95 
manufacture  of,  95 
struts  and  ties,  98 
Steel  wire  gage,  table,  963 
Steelcrete,  067-068 
Sterrett,  H.  R..  1350 
Stiffener  angles,  183 
Stiffness,  definition.  5 
Stokers,  mechanical.  1165 
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Stone  nuMonry,  etrensth  of,  1441-1442 
Stone  work,  825-827 

hanHHng  stone,  826 
pointing,  827 
precautions,  827 
preventing  stains  on,  826 
setting,  826 

use  of  building  stones  and  stone  nuwoniy,  826 
Stones,  building,  898-911 
Storage  of  water,  1209-1214  ^ 
Stovail,  Dr.  W.  D.,  1264 

Straight-line  t3ni>e  formula  for  columns,  203,  200 
Strain,  definition,  3 
Stress  and  deformation,  3-6 
curves  tA  materials,  4 
Stress,  bending  and  direct,  ooncrete  and  reinforced  con- 
crete, 68-79 
compression  over  the  whole  section,  70 
tension  over  part  of  section,  70 
theory  in  general,  68 
fltresiti  bending  and  direct,  wood  and  sted,  64-68 
bending  due  to  transverse  loads,  64 
eccentrically  loaded  columns,  67 
general,  64 
Stress  data  for  roof  trusses,  469-604 

diagrams  and  formulas  for  domes,  701-707 
fiber,  00 

of  girders,  101 
in  roof  members,  determination  of,  607,  627 
Stresses,  definition,  2.  3 

for  wooden  beams,  99 
Stresses  in  roof  trusses,  63-58 

algebraic  method  of  sections,  68 
graphical  method  of  joints,  54 
kinds  of  stresses,  53 
loads,  53 

methods  of  equations  and  ooefiloients,  54 
reactions,  53 

wind  load  stressee  by  the  graphical  method,  56 
Streeses  in  trusses,  computing,  49-53 
algebraic  treatment,  50 
graphical  treatment,  52 
methods  used,  49 
Stresses,  roof,  we  under  Roof  trusses. 
Strings  in  equilibrium  polygon,  13 
Structural  steel,  costs,  1031 

fire  protection  of.  337-840 
specifications  for,  1409 
See  aUo  under  Steel. 
Structural  steel  detailing,  310-321 
assembling  marks,  314 

drafting  room  organisation  and  prooedure,  810 
layouts,  riveted  connections,  312 
ordering  material.  311 
shop  detail  drawings,  312 
tsrpical  detail  drawings.  314-320 
Structural  steel  work,  815-817 

bolting  and  plumbing  of  superstructure,  817 
cycle   of  erecting  operations   with  derricks, 

816 
equipment  for  erecting  steel  frame  buildings, 

816 
locating  derricks  for  erection,  816 
power  for  derricks,  816 
•  riveting,  817 
setting  grillages,  815 


Structural  terra  ootta,  917-^19 
dense,  918 

hollow  tile,  kinds  of.  917 
manufacture,  917 
porous,  918 
semi-porous,  918 

sises  and  weights  of  hollow  tile,  918 
teste  of  hollow  building  tile.  919 
of  tile  waUs,  919,  1439 
Structure,  definition,  2 
reactions  of,  17-22 
Strut-beams,  118 
definition,  2 
Struts,  properties  of,  98 
Stucco,  930-934 
finishes,  938 

importonoe  of  good  design,  030 
machines,  881 
materials,  932 
mixing,  932 
mortar  coats,  932 
structure,  931 
tools,  932 

types  of  stucco,  934 
Studding  for  frame  walls,  615 
Sullivan  rock  drills,  846 
Support  for  wooden  beams,  lateral,  100 
Surfaced  timbers,  100 
Surfacing  machines,  881 
Sweet,  A.  J..  1341 
Swimming  pools,  676-680 
cable,  679 
construction,  677 
curbe,  678 
dimensions,  677 
diving  board,  678 
heating.  680 
in  schools,  762 
ladders.  678 
lines  and  markings.  678 
linings.  678 
location,  676 
overflow  troughs,  678 
shape  of  bottom,  677 
spaces  about  the  pool,  679 
special  pools,  679 
tUe  finish.  678 

water  supply  and  sanitation,  680 
Sykes  Metal  Lath  and  Roofing  Co.,  943,  945 
Symmetrical  interlock  channel  bar  piling,  850 

T-beam  construction,  412 

T-beams  in  reinforced  ooncrete  construction,  141^145 

Tait,  W.  S.,  on  Chimneys.  691-699 

on  Concrete  columns,  210-227 

on  Flat  slab  construction,  434-447 

on  Footings,  366-^77 
Talbot.  Prof..  207,  209 
Xanks,  645-651 

gasolene,  651 

gravity,     647-649 

house,  649-651 

pressure,  647 

septic,  for  sewage,  1225,  1230 

sprinkler.  645 

storage,  for  water,  1209 
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Telephone  iyitemt,  1300-1397 

oommon  battery  interpbone  sytteme,  1897 
inetallAtion  of  eubecribers'  sets,  1391 
interoommunicatins  telephones,  1394 
location  of  diatributing  esreteme.  1390 

of  ewitoh  board,  1390 
aubetation  wiring  1393 
wiring  olasaification,  1391 
Temperature  stress,  definition,  6 
Tenon  bar  splice,  252 
Tensile  stress,  definition,  3 
Tension,  definition,  3 
Tension  members,  229-231 

illustrative  problem,  230 
riveted,  230 
rods  and  bars,  229 
splicing,  280 
wooden,  231 
Tension  splices.  249-253 
Terra  cotta,  architectural.  994-1000  * 

structural,  917-919 
tile,  fire  resistance  of,  338 
Terraso  finish,  451 

tUe.  450 
Tejctile  mUl  buildings,  792 
Theater  balcony  framing,  667 
Theaters,  design,  734 

ventilation  in,  1136 
Theorem  of  three  moments,  440 
Thew  shovel,  836 

Thiessen,  F.  C,  on  Fire-resistive  column  construction, 
340-^42 
on  Fire-reeiative  floor  construction.  342-346 
on  Piers  and  buttreasee.  305-308 
on  Protection  of  structural  steel  from  fire,  337-340 
Thompson-Starrett  Co.,  tiipe  schedule  for  building,  805 
Thomson,  T.  K.,  on  Foundations.  347-366 
Three-moment  equation,  43 
Tie,  definition*  2 
beams,  117 

rod,  effect  on  reaction  of  a  structure.  18 
rods  for  purlins.  193 
Tieneman's  tests,  100 
Ties,  properties  of,  98 
lile  and  concrete  floors,  tables,  417-428 
and  plaster  walls,  614 
arch  floors,  398 
floors,  449 
gypsum,  938 
hollow,  917-919 
partitions,  620 
walls,  tests  on,  1439-1440 
Tiling,  1000-1003 
erasing.  1003 
glased  tiles*  1001 
grades  of  tile.  1002 
manufacture.  1000 
setting  of  tile.  1003 
trim  tiles.  1002 
unglased  tilee,  1001 
Timber.  887-898 

board  measure,  table.  894 
,  classification  of  lumber,  890 
composition  and  mechanical  properties,  888 
compression  on  surfaces  inclined  to  direction  of 
fiben.  248 
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Timber,  deeay,  889 

defects,  effect  of,  on  strength,  889 

destruction  by  animal  life.  890 

deterioration,  889 

estimating  quantities  of  sheathing,  flooring,  etc., 
897 

factor  of  safety  of.  5 

finishing  lumber,  flooring,  ceiling,  rustic,  etc..  895 

framing,  sises.  893 

general  characteristics,  887 

measurement  of  lumber,  893 

methods  of  seasoning,  889 

resbtance  of,  to  pressure  from  bolts,  etc.,  248 

sawing  of,  890 

seasoning  and  strength,  888 

shrinkage,  888 

Southern  yellow  pine,  891 

strength  values,  892 

stress-deformation  diagram  for,  4 

treatment  to  prevent  decay.  890 

used  for  wooden  beams,  99 

working  unit  stresses,  892 
Timber  construction  tension  splices,  249 
Timber  detailing,  308-310 

information  in  plans.  30K 
listing.  323 
plans  required,  309 
scales,  309 
Timbers,  general  mechanical  properties,  1420-1429 

sised  and  surfaced,  100 
Time  schedule  in  building  operations,  803-806 
Tin  roofs,  503 
Toilet  conveniences,  waterless.  1232-1244 

room  partitions.  624 
Toilets,  public.  769-775 
Tombs,  design.  736 
Torsion,  definition,  4 
Total  stress,  3 
Town  halls,  design,  723 
Translucent  fabric  for  skylights.  606 
Transverse  monitors,  607 
Traps,  1248 
Treads,  of  stairs,  635 
Truscon  Steel  Co.,  798 

Trussed  Concrete  Steel  Co.,  943.  944,  961,  968,  971,  972 
Trussed  girders,  178-181 
Trusses,  computing  stresses  in.  49-53 

definition.  2 

reactions  of.  20 

roof,  •««  Roof  trusses. 

splices  in,  279 
Tuscan  order  of  architecture,  714 

Ultimate  stress,  definition,  3 
Under  floors.  453 
Union  pile  hammers.  855 
Unit-bilt  system.  430 

Construction  Co..  430,  433 

construction,  in  concrete  framing,  427 

deformation,  definition  3 

fan  heaters.  1123 

stress,  definition,  3 

stresses  for  wooden  beams.  99 
United  Electric  Co.,  1403 

Tnited  States  Bureau  of  Standards,  formula  for  con- 
crete columns,  212 
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United  States  Dept.  of  A<rioulture.  formula  for  wooden 
oolumns.  196.  197.  199 
Public  Health  Service,  design  for  sewage  dis- 
posal. 1228 
Radiator  corporation.  1153 
steel  sheet  piling,  849 
.  University  Club,  Chicago,  construction.  673 
University  of  Illinois,  experiments  on  lace  bars,  207 

tests  on  combined  steel  and  concrete  columns,  209 
tests  on  concrete,  984 
University  of  Wisconsin,  tests  on  concrete.  984 
Universities,  design  of,  725-731 
Unsymmetrical  bending,  79-94.  189 
Urinals.  1250 

Vacuo  hot  water  beating  system,  1126 
Vacuum  cleaning  equipment.  1401-1406 

application  of  air  to  vacuum  cleaning,  1401 

conductor,  1401 

loss  of  vacuum  in  pipe  and  hoee,  1404 

machine,  1401 

relation  of  volume  and  vacuum  to  horsepower, 

1402 
use  and  abuse  of  vacuum  hoee.  1405 
velocity  table,  1405-1406 
volume  and  vacuum,  1402 
Vacuum  exhaust  steam  heating,  1125 

steam  heating  system,  1123 
Vapor  systems  of  heating,  1124 
Varnish,  1016 
Vaughn,  F.  A.,  1828 
Vault  construction,  618 
Ventilation,  1131-1151 

air  friction  through  coils,  etc.,  1142 
velocities  through  ducts,  table,  1 143 
washers,  1138 
automatic  temperature  control,  1138 
available  head  for  flues,  table.  1145 
combination  direct  and  indirect  system,  1136 
cubic  feet  per  minute  per  occupant,  table,  1182- 

1134 
diagram  of  friction  loss  in  ducts.  1141 
double  duct  system,  1136 
duct  and  fan  circulation,  1145 
design,  1139 
systems.  1147 
equalisation  table,  1144 
fans  and  blowers.  1150 

friction,  areas,  etc.,  of  square  flues,  table,  1146 
gages  and  weights  o^pipe,  table,  1140 
gravity  circulation,  1143 

individual  or  centralized  auxiliary  stacks,  1136 
inlets  and  outlets,  position  of,  1 135 
mechanical  circulation  of  air  in  ducts,  1140 
methods,  1135 

of  air  distribution.  1138 
preheating  air  for,  1 136 
quantity  of  air  necessary,  1131 
separate  ducts,  1148 
theaters  and  aaditoriums,  1136 
trunk  line  ducts,  1147 
Ventilators,  608 
Vents.  1248 
Veterans'  homes,  744 
Vibrations  in  buildings,  753 
Vulcan  Iron  Works,  drop  hammers,  853 
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Wagons,  for  transporting  matarials.  847 
Wakefield  pUe.  848 
Waldram.  P.  J.,  1345 
Wall  board,  gypsum,  937 

partitions,  622 
shingles,  615 
Walls,  609-619 

ashUir  finish,  613 

jointing,  612 
bond  in  brick,  611 
brick.  610 

and  tile,  614 

faced  with  ashlar,  612 

faced  with  cement  blocks,  614 

■ills,  611 

veneer,  615 
oonorete.  610 
corbels,  611 
curtain.  617 
damp  proofing,  614 
deadening  partitions.  617,  622 
erection,  611 

for  cold  storage  buildings,  617 
frame,  614-615 
furring,  614 
insulation  of,  617 
ledges,  611 
masonry,  above  grade,  610 

below  grade,  609 
mortar,  611 

painting  of  ashlar  work,  613 
parapet,  611 
party,  616 

pier  construction,  610 
retaining,  682-690 
sheet  metal,  615 
stress  on  brick  work.  611 
terra  cotta  ashlar,  613 
thicknesses.  612 
tile  and  plaster.  614 

tests  on,  1439-1440 
vault  construction,  618 
wood  and  plaster,  615 
Warrington  steam  pile  hammers,  855 
Washers  for  bolts,  245-248 
Water-closets,  1250 
Water  consumption,  1189-1192 

apartment  houses,  1190 

factories  and  industries,  1189 

general,  1189 

institutions.  1190 

meters,  4 191,  1192 

milk  condenseries.  1190 

rates  of  use  by  plumbing  fixtures,  1191 

residences,  1189 

schools.  1190 

variations  in  rates  of  consumptiort,  1190 
Water,  properties  of,  1080-1082 
Water,  purification  of.  1182-1188 

aeration,  1183  , 

chemical  treatment,  1183 

disinfection  and  sterilisation,  1188    . 

filtration,  1183 

hardness  of  water,  1187 

impurities,  1182 

incrustation,  1186 
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Water,    purification    of,   interpretation    of    bacterial 
count.  1188 
rain  water  filters,  1186 
removal  of  iron  and  manganese,  1186 
sedimentation,  1183 
softeners.  1187 
sources  of  pollution,  1182 
Water,  storage  of.  1209-1214 

capacitira  of  tanks  or  dsterns,  1212 
cisterns,  1211 

concrete  tanks  and  reservoirs,  1211 
heat  required  to  free  tanks  from  ice,  1214 
pneumatic  tanks,  1212-1214 
steel  tanks  and  towers,  1210 
wooden  tanks,  1200 
Water  supply  data  and  equipment,  1178-1210 
pipes  and  fittings,  1214 
pumping  equipment,  1100-1200 
purification  of  water,  1182-1188 
sources  of  water  supply.  1178-1182 
storage  of  water,  1200-1214 
useful  hydraulic  data,  1102-1100 
valves  and  piping,  1268 
water  consumption.  1180-1102 
Sm  alto  Hydraulic  data. 
Water  supply  sources,  1178-1182 
driUed  wells,  1170 
driven  and  tubular  wells,  1180 
dug  or  open  wells.  1181 
ground  water,  1170 
infiltration  gaDeries,  1182 
rainfall.  1178  ^ 

springs,  1181 
surface  waters,  1182 
water  in  general,  1178 
Waterless  toilet  conveniences.  1232-1244 
chemical  closets,  1238-1242 
deep  vault  privy,  1232 
double  compartment,  alternating  use  privy* 

1238 
dry  closets,  1242 
earth  excavation  privy,  1235 
incinerator  closets,  1244 
outdoor  privies,  1232 
portable  chemical  closets,  1242 
removable  bucket  privy,  1237 
septic  privy,  1236 

specifications  for  privy  construction,   1232- 
1235 
'   water-tight  vault  privy,  1236 
Waterproofing  of  foundations,  815 
Watertown  Arsenal,  tests  for  loads  for  columns,  107 

on  concrete,  084 
Watson,  F.  R.,  on  Acoustics  of  buildings.  747-753 
Web  and  flange  splices,  183 
connections  of  beams,  406 
members  of  roof,  2 
plates,  182 
reinforcement  in  concrete  construction,  130-134, 

184 
riveting,  183 
Weight  of  a  body,  definition,  16 
Weights  of  building  material,  table.  464 

of  merchandise,  334 
Welded  wire  fabric,  063 
Wells,  driUed,  1179 
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Wells,  driven  fmd  tubular,  1180 

dug  or  open,  1181 
West  Coast  Lumbermen's  Association,  90,  103,  308, 

806 
Wheelbarrows,  847 

Whipple,  Hai*vey,  on  Concrete  building  stone,  087-004 
White  lead  pigments,  1011 
Whitewash,  1018 
Wight  A  Co.,  W.  W.,  066 
WUliard,  A.  C,  1085,  1080 
Wind  bracing  of  buildings,  651-062 

combined  direct  and  bending  stresses,  660 
computation  of  wind  bending  moments,  657 
design  of  column  for  combined  stresses,  660 
of  girders  and  connections  to  columns,  658 
effect  of  wind  stresses  on  columns.  660 
gravity  and  wind  bending  moments,  in  girders, 

657 
masonry  buildings,  661 
mill  buildings.  661 
path  of  stress,  652 
pressure  on  end  of  building,  661 

on  side  of  building,  662 
rectangular  bracing,  654 
resistance  to  overturning,  652 
triangular  bracing,  652 
unit  stresses,  652 
wind  pressure,  651 
wood  frame  buildings,  661 
^Hnd  loads  on  roofs,  460 
pressure  on  domes,  600 

on  roofs,  determining  reactions  of  trusses,  10 
stress  coefficients,  tables,  408-504 
Windmills,  1208 
Window  pullesrs,  1024 
^Undows,  627-620 

basement,  in  masonry  walls,  628 
box  frames  in  masonry  walls,  628 
casement,  627 
hollow  metal,  620 
in  factories.  1346 
sise  and  location,  1346 
steel,  628 
wood,  627 
Winslow  formula  for  wooden  columns,  106 
Wire  fabric  for  concrete  reinforcement,  062 
glass,  1007 
rope,  884 
Wisconsin,  contract  form  for  building,  1065 
Wisconsin   Industrial  Commiasion,  on  industrial  light* 
•   ing,  1338 

on  sise  and  location  of  windows,  1346 
Witherow  Steel  Co.,  067 
Wood  and  plaster  partitions,  621 

and  plaster  walls,  615 
Wood  construction,  824-825 
camber  in  trusses,  825 
equipment,  825 

erection,  825  x 

methods  of  construction,  824 
storage  of  material,  824 
working  details,  824 
Wood  floor  surfaces,  447-440 

sections,  properties  of.  06  ^ 

screws,  231,  236 
lateral  resistance,  230 
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Wood  working  equipment,  870-871 

boring  machinee,  871 

combination  maohinee,  871 

jointers,  871 

power  saws,  870 
Wooden  beams,  98-114 

allowable  unit  stresses,  00 

bearing  at  ends,  100 

bending  moments,  table,  107-108 

capacity,  diagram  of.  102 

deflection,  100 

factors  in  design,  98 

girders,  101 

holes  for  pipes,  09 

horisontaJ  shear,  09 

illustrative  problems,  101 

joists,  100 

kinds  of  timber,  99 

lateral  support  for,  100 

quality  of  timber,  99 

safe  loads  and  deflections,  Ubles,  104-107,  109- 

114 
sised  and  surface  timbers,  100 
Wooden  columns,  105-202 
bases,  201 

built-up  columns,  197 
f<»>mulas  f<»>,  196 
tables  of  working  unit  stresses,  199-201 
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Wooden  columns,  ultimate  loads  for,  197 
Wooden  girders,  172-181 

built-up,  173-174 

deflection  of  trussed  girders,  181 

end  connections,  173 

horisontal  shear,  173 

illustrative  problems,  180 

loads.  172 

method  of  design,  175 

solid  section,  173 

trussed,  178-181 
Wooden  roof  truss,  detailed  design,  505-524 

roofs.  592 
Workhouses,  740 

Working  estimate  in  building  operations,  806 
load,  definition,  6 
stress,  definition,  5 
Wrought  iron,  922 
Wrecking  buildings.  808 


Xpan truss  system  of  reinforcement,  977 


Yield  point,  definition,  3 
Young's  modulus,  3 

Zinc  roofs,  594 
Paoe»  803-1444,  Vol.  II, 


UNIVERSITY  OF  CALIFORNIA  LIBRARY 

BERKELEY 

Return  to  desk  from  which  borrowed. 
This  book  is  DUE  on  the  last  date  stamped  below. 


JUN    8   1948 

^^-<'A 

KV^3dSP*^^ 

REC'D  L.D 

APR  3  C  1962 

5»!llav'^^  ^ 

26Feb5lP^ 

26iun'58  SK 

f^ipcroctj 

JUN  2ft  MK 

LD  21-100m-9,'47(A6702Bl6)476 


YC   12953 


I 


